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ABSTRACT
An a n t i c o i n c i d e n c e  i n t e m a l - g a s  c o u n t i n g  s y s te m  f o r  
d e t e c t i n g  l o w - e n e r g y  b e t a  p a r t i c l e s  ha s  been  c o n s t r u c t e d .
I t  i s  a G e i g e r - t y p e  s y s te m  and c o n s i s t s  b a s i c a l l y  o f  t h r e e  
u n i t s :  a c o u n t i n g  u n i t  composed o f  an i n t e r n a l - g a s  sam p le -  
c o u n t i n g  t u b e ,  12 s l i g h t l y  l a r g e r  G e i g e r  t u b e s  a r r a n g e d  in  
an a n t i c o i n c i d e n c e  u m b r e l l a  s h i e l d ,  and a m a s s iv e  l e a d  
s h i e l d ;  an e l e c t r o n i c s  u n i t  w h ich  c o n t a i n s  t h e  h i g h - v o l t a g e  
power  s u p p l i e s ,  s c a l e r s ,  t i m e r s  and a n t i c o i n c i d e n c e  c i r c u i t ;  
and a gas c o n v e r s i o n  and d i s t r i b u t i o n  s y s t e m .  A w a t e r -  
c a l c i u m  c a r b i d e  r e a c t i o n  was u s e d  t o  p r o d u c e  a c e t y l e n e  f o r  
t h e  G e i g e r  quench  g a s .  The d e s i g n  and c o n s t r u c t i o n  t e c h ­
n i q u e s  t o g e t h e r  w i t h  t h e  t e s t i n g  and o p e r a t i n g  p r o c e d u r e s  
a r e  d e t a i l e d .  S u g g e s t i o n s  f o r  f u r t h e r  r e s e a r c h  and d e v e l o p ­
ment a r e  i n c l u d e d .
i i i
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INTRODUCTION
The d e s i g n  o f  a s y s te m  t o  d e t e c t  l o w - e n e r g y  b e t a  p a r ­
t i c l e s  i s  d e p e n d e n t  on s e v e r a l  c o n s i d e r a t i o n s .  These  c o n ­
s i d e r a t i o n s  i n c l u d e  t h e  b a s i c  p r o p e r t i e s  o f  t h e  b e t a - e m i t ­
t i n g  i s o t o p e s ;  t h e  fu n d s  and equ ip m en t  a v a i l a b l e  f o r  t h e  
c o n s t r u c t i o n  o f  t h e  s y s t e m ;  and t h e  e x p e r i e n c e ,  r e q u i r e m e n t s  
and p e r s o n a l  p r e f e r e n c e s  o f  t h o s e  p e o p l e  r e s p o n s i b l e  f o r  
t h e  s y s te m .
In  o r d e r  t o  maximize  t h e  a b i l i t y  o f  t h e  s y s t e m  t o  d e ­
t e c t  l o w - e n e r g y ,  b e t a - e m i t t i n g  i s o t o p e s ,  t h e  p r o p e r t i e s  o f  
t r i t i u m ,  a v e r y  l o w - e n e r g y  b e t a  e m i t t e r ,  were  c o n s i d e r e d  
i d e a l .  A l l  o t h e r  b e t a  e m i t t e r s  s h o u l d  p r o d u c e  e q u a l l y  s a t ­
i s f a c t o r y  r e s u l t s .
S i n c e  t r i t i u m  d e c a y s  to  He^ by e m i t t i n g  a b e t a  p a r ­
t i c l e  w i t h  a maximum e n e r g y  o f  0 .0 1 8  MeV, i t  c a n n o t  be de r  
t e c t e d  by means o f  end-w indow o r  o t h e r  c o n v e n t i o n a l - t y p e  gas
i
d e t e c t o r s .  T h i s  p r o p e r t y  i m m e d i a t e l y  l i m i t s  t h e  d e t e c t o r  
t o  i n t e r n a l - t y p e  G e i g e r  o r  p r o p o r t i o n a l  gas  d e t e c t o r s  o r  t o  
h i g h l y  s e n s i t i v e  l i q u i d  s c i n t i l l a t i o n  c o u n t e r s . .  A c t u a l l y ,  
t h e r e  a r e  a few o t h e r  m ethods  p o s s i b l e ,  i n c l u d i n g  g a s - f i l l e d  
i o n i z a t i o n  c h a m b e r s ,  c l o u d  c h a m b e r s ,  o r  b u b b le  chambers  
f i l l e d  w i t h  l i q u i f i e d  g a s .  However t h e y  a r e  n o t  y e t  p r a c ­
t i c a l  ^  .
S e c o n d l y ,  n a t u r a l  t r i t i u m  c o n c e n t r a t i o n s  on e a r t h  a re  
q u i t e  low. I n d i c a t i v e  o f  t h i s  s c a r c i t y  i s  t h e  f a c t  t h a t
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t r i t i u m  i s  p r o d u c e d  n a t u r a l l y  o n ly  i n  s m a l l  q u a n t i t i e s  by 
cosm ic  i n t e r a c t i o n s  w i t h  t h e  u p p e r  a tm o s p h e r e .  Average 
t r i t i u m  l e v e l s  i n  r a i n w a t e r  i n  Chicago  d u r i n g  1953 were  
g iv e n  by L ibby  and o t h e r s  as 7 .8  t r i t i u m  u n i t s  ( ^  . F o l ­
low ing  t h e  t h e r m o n u c l e a r  weapons t e s t i n g  o f  t h e  1 9 5 0 ’ s and 
e a r l y  1 9 6 0 ’s ,  t r i t i u m  a c t i v i t i e s  i n  t h e  u p p e r  a tm o sp h e re  had  
i n c r e a s e d  by s e v e r a l  o r d e r s  o f  m a g n i t u d e ,  and maximum t r i ­
t iu m  l e v e l s  o f  a b o u t  1 0 ,0 0 0  TU were  r e c o r d e d  i n  1 9 6 3 (3 } .
The s i g n i f i c a n c e \ o f  t h e s e  low c o n c e n t r a t i o n s  i s  t h a t ,  i n  
o r d e r  t o  be a b l e  t o  d e t e c t  th em ,  a l o w - e n e r g y  b e t a  d e t e c ­
t i o n  s y s te m  must  have  a v e r y  low b a c k g r o u n d  c o u n t  r a t e .  
A c c o r d in g  t o  Geyh, ’’The m ost  i m p o r t a n t  c o n s i d e r a t i o n  i n  t h e  
d e v e lo p m e n t  o f  l o w - l e v e l  c o u n t e r s  i s  t o  o b t a i n  low b a c k ­
g ro u n d s  ( 4 ) . "  T h is  r e q u i r e m e n t  d i c t a t e s  t h e  n e c e s s i t y  f o r  
m a s s i v e  s h i e l d i n g  a n d ,  i n  most  s y s t e m s ,  an a n t i c o i n c i d e n c e  
s h i e l d  as w e l l .
T h i r d l y ,  i f  a g a s - t y p e  c o u n t e r  su c h  as a G e i g e r  t u b e  
o r  p r o p o r t i o n a l  c o u n t e r  i s  u s e d  i n  a l o w - e n e r g y  b e t a  
d e t e c t i o n  s y s t e m ,  a gas  c o n v e r s i o n  sy s te m  i s  n e c e s s a r y .
The gas c o n v e r s i o n  s y s te m  i s  u s e d  t o  c o n v e r t  s a m p le s  o f  th e  
i s o t o p e  t o  be d e t e c t e d  i n t o  s u i t a b l e  c o u n t i n g  g a s e s .  More­
o v e r ,  w a t e r  must  be removed from t h e  c o u n t i n g  g a s e s  s i n c e  
gas  c o u n t e r s  w i l l  t o l e r a t e  o n l y  v e r y  low p a r t i a l  p r e s s u r e s  
o f  w a t e r  v a p o r ( 5 ) .
F i n a l l y ,  a s y s te m  o f  e l e c t r o n i c s  i s  n e c e s s a r y  to  p r o -
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v i d e  h i g h  v o l t a g e s  t o  t h e  c o u n t e r s  , r e c o r d  i o n i z i n g  e v e n t s ,  
and p r o v i d e  a means o f  t i m i n g .  I f  an a n t i c o i n c i d e n c e  s h i e l d  
i s  u s e d ,  t h e r e  must  a l s o  be a c i r c u i t  t o  e l i m i n a t e  t h e  c o ­
i n c i d e n c e s  stemming from t h e  b a c k g ro u n d  c o u n t .
The p r e c e d i n g  a r e  t h e  b a s i c  c o n s i d e r a t i o n s  w h ich  d i c ­
t a t e  t h e  v a r i o u s  m a jo r  components  o f  a l o w - e n e r g y  b e t a  d e ­
t e c t i o n  s y s te m .  W hether  a p a r t i c u l a r  sy s te m  w i l l  be a 
s c i n t i l l a t i o n  s y s t e m ,  a p r o p o r t i o n a l  s y s t e m ,  o r  a G e i g e r  
s y s te m  depends  on " s e c o n d a r y ” c o n s i d e r a t i o n s .  P r o b a b l y  
t h e  most  i m p o r t a n t  " s e c o n d a r y "  c o n s i d e r a t i o n s  a r e  p e r s o n a l  
p r e f e r e n c e s .  I n  t h e  words o f  Cameron, " P e r s o n a l  p r e f e r ­
e n c e s  f o r ,  and e x p e r i e n c e  w i t h ,  a p a r t i c u l a r  s y s te m  su c h  as 
. . .  gas c o u n t e r s  v e r s u s  s c i n t i l l a t i o n  c o u n t e r s  f o r  m e a s u r e ­
ment , a r e  i n t a n g i b l e  b u t  i m p o r t a n t  f a c t o r s ^ . "  I n  t h i s  
c a s e  a G e i g e r  s y s te m  was s e l e c t e d .
B e s i d e s  p e r s o n a l  p r e f e r e n c e s ,  and p e r h a p s  as i m p o r ­
t a n t  i n  d e t e r m i n i n g  t h e  f i n a l  form o f  a s y s t e m ,  a r e  t h e  
fu n d s  a v a i l a b l e  f o r  i t s  p u r c h a s e  o r  c o n s t r u c t i o n .  Of t h i s ,  
Cameron s a y s ,  " I t  i s  g e n e r a l l y  c h e a p e r  t o  buy an e x i s t i n g  
co m m erc ia l  a p p a r a t u s  t h a n  t o  b u i l d  one from s c r a t c h ,  as 
c o n s i d e r a b l e  e x p e r i e n c e  and s k i l l  a r e  r e q u i r e d ^ . "  T h i s  
o p i n i o n ,  h o w e v e r ,  i s  m i s l e a d i n g .  To buy a com m erc ia l  low- 
energy beta  d e tec t io n  system, includ ing  s h ie ld in g ,  counting  
e q u i p m e n t ,  and e l e c t r o n i c s  r e q u i r e s  c o n s i d e r a b l e  f u n d i n g .
Not h a v i n g  t h e s e  fu n d s  a v a i l a b l e ,  i t  was d e c i d e d  t o  b u i l d  
t h i s  s y s t e m  from s c r a t c h .
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GENERAL DESCRIPTION OF THE SYSTEM
T h is  s y s t e m ,  as m e n t io n e d  a b o v e ,  i s  a G e i g e r - t y p e  
s y s te m  and h as  b e en  c o n s t r u c t e d  a lm o s t  e n t i r e l y  o f  m a t e r i ­
a l s  and a s s o c i a t e d  e q u ip m en t  w h ich  were  d i r e c t l y  a v a i l a b l e  
i n  t h e  D e p a r tm e n t  o f  P h y s i c s  a t  t h e  C o lo ra d o  S c h o o l  o f  
M i n e s .
The c o r e  o f  t h e  s y s te m  i s  a 1 .5  l i t e r  G e i g e r  t u b e  w hich  
s e r v e s  as t h e  s a m p l e - c o u n t i n g  t u b e .  S u r r o u n d i n g  t h e  c o u n t ­
i n g  t u b e  a r e  12 l o n g e r  G e i g e r  t u b e s  w h ich  s e r v e  as an a n t i -  
c o i n c i d e n c e  s h i e l d  t o  r e d u c e  t h e  b a c k g r o u n d  c o u n t  o f  t h e
s a m p l e - c o u n t i n g  t u b e .  The a n t i c o i n c i d e n c e  s h i e l d  i s  i n
t u r n  s u r r o u n d e d  by  a m a s s iv e  l e a d  s h i e l d  w h ich  s i t s  on a 
l a r g e  3 /4  i n .  aluminum p l a t e .  F i g u r e  1 i s  a d i a g r a m  o f  t h e  
c o u n t i n g  u n i t .
The e l e c t r o n i c s  f o r  t h e  s y s t e m  a r e  h o u s e d  i n  a s t a n d ­
a r d  1 9 - i n c h  c a b i n e t  35 i n c h e s  h i g h .  I n c l u d e d  i n  t h i s  c a b ­
i n e t  a r e  t h e  two r e g u l a t e d  h i g h - v o l t a g e  power s u p p l i e s  f o r  
p r o v i d i n g  t h e  h i g h  v o l t a g e s  t o  t h e  c o u n t i n g  tu b e  and t h e  
a n t i c o i n c i d e n c e  s h i e l d ;  a t i m e r  f o r  d e t e r m i n i n g  c o u n t i n g  
i n t e r v a l s ;  t h r e e  d e ca d e  s c a l e r s  f o r  r e c o r d i n g  t h e  number o f  
p u l s e s  f rom t h e  a n t i c o i n c i d e n c e  s h i e l d ,  t h e  g r o s s  number  o f
p u l s e s  from t h e  c o u n t i n g  t u b e ,  and t h e  n e t  number  o f  p u l s e s
from t h e  c o u n t i n g  t u b e  a f t e r  s u b t r a c t i o n  o f  t h e  c o i n c i d e n c e s  
b e tw e e n  t h e  c o u n t i n g  t u b e  and t h e  a n t i c o i n c i d e n c e  s h i e l d .
The s u b t r a c t i o n  o f  t h e s e  c o i n c i d e n c e s  i s  p e r f o r m e d  by  an
FIGURE 1 
D iagram  o f  C o u n t in g  U n i t
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a n t i c o i n c i d e n c e  c i r c u i t ,  a l s o  l o c a t e d  i n  t h e  e l e c t r o n i c s  
c a b i n e t .  Two r e g u l a t e d  power  s u p p l i e s  (12 v o l t  and +_ 6 
v o l t )  a r e  i n c l u d e d  f o r  d r i v i n g  t h e  s o l i d - s t a t e  a n t i c o i n ­
c i d e n c e  c i r c u i t .
F i n a l l y ,  t h e r e  i s  a gas  c o n v e r s i o n  s y s te m .  The f u n c ­
t i o n s  o f  t h i s  sy s te m  a r e  t o  p r o v i d e  a means f o r  f i l l i n g  t h e  
a n t i c o i n c i d e n c e  r i n g  w i t h  a s u i t a b l e  c o u n t i n g  g a s ;  t o  p r o ­
v i d e  a means f o r  c o n v e r t i n g  h y d ro g e n  ( i n c l u d i n g  t r i t i u m )  
from a w a t e r  sam ple  t o  h y d ro g e n  i n  a s u i t a b l e  h y d r o c a r b o n  
gas and i n t r o d u c i n g  t h i s  gas  i n t o  t h e  s a m p l e - c o u n t i n g  t u b e ;  
t o  a l l o w  t h e  c o u n t i n g  tu b e  t o  be f i l l e d  t o  a g i v e n  c o u n t i n g  
p r e s s u r e  w i t h  an i n e r t  g a s ; and t o  p r o v i d e  a way t o  check  
t h e  t u b e s  f o r  a i r - t i g h t n e s s .  I t  s h o u l d  be n o t e d  t h a t  t h e  
f i l l i n g  o f  t h e  c o u n t i n g  and a n t i c o i n c i d e n c e  t u b e s  m ust  be 
done q u a n t i t a t i v e l y .
As can be s e e n  i n  F i g u r e  2 , a l l  i n p u t s  t o  t h e  c o u n t ­
i n g  o r  a n t i c o i n c i d e n c e  t u b e s  a r e  v i a  a t w o - v a l v e  i n p u t  
m a n i f o l d .  T h is  m a n i f o l d  i s  c o n n e c t e d  t h r o u g h  a c o l d  t r a p  
( t o  remove w a t e r  f rom t h e  i n p u t s )  t o  a f i v e - v a l v e  d i s t r i ­
b u t i o n  m a n i f o l d .  The l e a d s  from t h i s  d i s t r i b u t i o n  m a n i ­
f o l d  go t o  t h e  f o l l o w i n g :  a t h e r m o c o u p le  vacuum gauge f o r
r e a d i n g  p r e s s u r e s  l e s s  t h a n  5 mm Hg, t h e  a n t i c o i n c i d e n c e  
t u b e s ,  t h e  c o u n t i n g  t u b e ,  a m e c h a n i c a l  vacuum gauge f o r  
r e a d i n g  p r e s s u r e s  g r e a t e r  t h a n  5 mm Hg, and a vacuum pump. 
A ll  o f  those le a d s ,  as w e l l  as the i n p u t  l e a d s ,  are c o n ­
n e c t e d  t o  t h e  vacuum m a n i f o l d s  t h r o u g h  v a l v e s .
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FIGURE 2
S c h e m a t i c  Diagram  o f  t h e  Gas C o n v e r s i o n  System
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The gas c o n v e r s i o n  u s e d  w i t h  t h i s  s y s te m  t o  d a t e  has  
been  a w a t e r - c a l c i u m  c a r b i d e  r e a c t i o n  t o  p r o d u c e  a c e t y l e n e .  
The r e a c t i o n  i s  c a r r i e d  o u t  i n  a c l o s e d  fe m a le  b a l l  j o i n t  
w h ich  i s  a t t a c h e d  t o  t h e  i n p u t  m a n i f o l d  by means o f  a male  
b a l l  j o i n t .  The use  o f  t h e  b a l l  j o i n t  f o r  a t t a c h i n g  th e  
c o n v e r s i o n  t u b e  t o  t h e  i n p u t  m a n i f o l d  h a s  t h e  a d v a n ta g e  t h a t  
' o t h e r  c o n v e r s i o n  mechanisms can e a s i l y  be a t t a c h e d  t o  t h e  
e x i s t i n g  s y s te m .
To u n i f y  t h e  o p e r a t i o n  o f  t h e s e  c o m p o n e n t s , c o n s i d e r  
t h e  a n a l y s i s  o f  a sam ple  o f  t r i t i a t e d  w a t e r ,  a ssum ing  t h a t  
t h e  s y s t e m  h a s  b een  c a l i b r a t e d  and t h a t  t h e  b a c k g ro u n d  
c o u n t  r a t e  o f  t h e  s y s t e m  i s  known t o  some s t a t i s t i c a l  a c ­
c u r a c y .
A l th o u g h  t h e  a n t i c o i n c i d e n c e  t u b e s  n e e d  n o t  be r e ­
f i l l e d  b e f o r e  e a c h  sam ple  i s  c o u n t e d ,  t h e y  must be f i l l e d  
i n i t i a l l y .  The a n t i c o i n c i d e n c e  t u b e  f i l l i n g  i s  a c c o m p l i s h e d  
by f i r s t  pumping them t o  a f a i r l y  h a r d  vacuum ( l e s s  t h a n  100 
m ic r o n s )  v i a  t h e  vacuum pump and vacuum m a n i f o l d s .  They a r e  
t h e n  c h e c k e d  f o r  l e a k s  by i s o l a t i n g  them from t h e  vacuum 
pump and o b s e r v i n g  t h e  t h e r m o c o u p le  gauge f o r  i n c r e a s i n g  
p r e s s u r e .  The t u b e s  a r e  t h e n  f l u s h e d  s e v e r a l  t im e s  and 
f i n a l l y  f i l l e d  w i t h  an a p p r o p r i a t e  c o u n t i n g  gas  t o  t h e i r  
o p e r a t i n g  p r e s s u r e  by  means o f  t h e  gas c o n v e r s i o n  s y s t e m ,
and as i n d i c a t e d  by  t h e  m e c h a n i c a l  vacuum g au g e .  They a r e
}
t h e n  s e a l e d  o f f  f rom t h e  s y s te m .
The s a m p l e - c o u n t i n g  t u b e  i s  p r e p a r e d  by f l u s h i n g  t h e
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tu b e  w i t h  a rg on  by  a l t e r n a t e l y  pumping t h e  t u b e  t o  a f a i r l y  
h a r d  vacuum and t h e n  f i l l i n g  i t  w i t h  a r g o n ,  and f i n a l l y  
l e a v i n g  i t  a t  t h e  f a i r l y  h a r d  vacuum where  i t  i s  c h ec k ed  f o r  
a i r  l e a k s  and i s  r e a d y  t o  a c c e p t  t h e  c o n v e r t e d  sa m p le .
The c o n v e r s i o n  tu b e  ( f e m a le  b a l l  j o i n t )  i s  now p r e ­
p a r e d  f o r  t h e  c o n v e r s i o n .  The w a t e r  sam ple  i s  p i p e t t e d  i n t o  
t h e  c o n v e r s i o n  t u b e  and f r o z e n  u s i n g  a d ry  i c e - a c e t o n e  c o l d  
b a t h .  Next  a wad o f  g l a s s  wool i s  i n s e r t e d  i n t o  t h e  t u b e ,  
f o l l o w e d  by an a p p r o p r i a t e  amount o f  c a l c i u m  c a r b i d e  and a 
se c o n d  wad o f  g l a s s  w o o l .  The c o n v e r s i o n  t u b e  i s  t h e n  
a t t a c h e d  t o  t h e  i n p u t  m a n i f o l d  and' e v a c u a t e d , k e e p i n g  t h e  
w a t e r  sam ple  f r o z e n  v i a  t h e  d r y  i c e - a c e t o n e  c o l d  b a t h .
A f t e r  t h e  c o n v e r s i o n  t u b e  has  b een  e v a c u a t e d ,  t h e  
s y s te m  i s  i s o l a t e d  from t h e  vacuum pump and t h e  l e a d  t o  
t h e  sam ple  - c o u n t i n g  t u b e  f rom t h e  d i s t r i b u t i o n  m a n i f o l d  i s  
o p e n ed .  The w a t e r - c a l c i u m  c a r b i d e  r e a c t i o n  i s  now a l lo w e d  
t o  p r o c e e d  by rem ov ing  t h e  c o l d  b a t h  from t h e  c o n v e r s i o n  
t u b e ,  t h u s  a l l o w i n g  t h e  w a t e r  sam ple  t o  m e l t  and come i n t o  
c o n t a c t  w i t h  t h e  c a l c i u m  c a r b i d e .  As a c e t y l e n e  i s  p r o ­
duced  i n  t h e  c o n v e r s i o n  t u b e ,  i t  d i s p e r s e s  t h r o u g h o u t  t h e  
vacuum i n  t h e  s y s t e m ,  i n c l u d i n g  t h e  s a m p l e - c o u n t i n g  t u b e .  
When t h e  r e a c t i o n  i s  c o m p l e t e ,  p r o d u c i n g  a p r e d e t e r m i n e d  
amount o f  a c e t y l e n e  i n  t h e  c o u n t i n g  t u b e ,  a rgo n  i s  a d m i t t e d  
i n t o  t h e  s y s t e m  t o  b r i n g  t h e  c o n t e n t s  o f  t h e  c o u n t i n g  tu b e  
t o  a s u i t a b l e  a c e t y l e n e  - a rg o n  m i x t u r e  a t  t h e  c o r r e c t  p r e s ­
s u r e  f o r  c o u n t i n g .  The s a m p l e - c o u n t i n g  tu b e  i s  t h e n  s e a l e d
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o f f ,  and t h e  sam ple  i s  r e a d y  f o r  c o u n t i n g .
The c o u n t i n g  i s  a c c o m p l i s h e d  by a p p l y i n g  t h e  c o r r e c t  
h i g h  v o l t a g e s  t o  b o t h  t h e  c o u n t i n g  tu b e  and t h e  a n t i c o i n ­
c i d e n c e  s h i e l d .  The p a s s a g e  o f  an i o n i z i n g  p a r t i c l e  t h r o u g h  
o r  w i t h i n  a g iv e n  t u b e  w i l l  c au se  a momentary d i s c h a r g e  w i t h ­
i n  t h e  t u b e  and c r e a t e  a p u l s e  on i t s  anode w i r e ^ ^ .  T h is  
p u l s e  i s  t h e n  r e c o r d e d  on t h e  a p p r o p r i a t e  d e ca d e  s c a l e r .  
Through  t h e  use  o f  t h e  a n t i c o i n c i d e n c e  c i r c u i t ,  p u l s e s  w h ich  
o c c u r  c o i n c i d e n t d y  i n  t h e  c o u n t i n g  tu b e  and a n t i c o i n c i d e n c e  
s h i e l d  a r e  s u b t r a c t e d  from th e  g r o s s  c o u n t  o f  th e  c o u n t i n g  
t u b e .  Very few o f  t h e s e  c o i n c i d e n t  p u l s e s  w i l l  i n v o l v e  a 
t r i t i u m  d e cay  s i n c e  t h e  low e n e r g y  o f  t h e  t r i t i u m  b e t a  p r o ­
h i b i t s  i t  f rom e s c a p i n g  f rom  t h e  c o u n t i n g  t u b e .  T h u s ,  by 
e l i m i n a t i n g  t h e  c o i n c i d e n t  p u l s e s  from t h e  g r o s s  c o u n t i n g -  
t u b e  c o u n t ,  we o b t a i n  a n e t  s a m p l e - p l u s - b a c k g r o u n d  c o u n t  
f o r  a m e a su re d  t im e  i n t e r v a l .
Now by s u b t r a c t i n g  t h e  assumed p r e v i o u s l y - d e t e r m i n e d  
b a c k g r o u n d  from t h e  above s a m p l e - p l u s - b a c k g r o u n d  c o u n t  and 
d i v i d i n g  t h e  d i f f e r e n c e  by  t h e  l e n g t h  o f  t h e  c o u n t i n g  t im e -  
i n t e r v a l ,  we o b t a i n  a sam ple  c o u n t - r a t e .  By com par ing  
t h i s  sample  c o u n t - r a t e  to- c o u n t - r a t e s  o b t a i n e d  from C o u n t ­
i n g  known sa m p le s  d u r i n g  t h e  c a l i b r a t i o n  p r o c e d u r e ,  we can 
deduce  t h e  t r i t i u m  c o n t e n t  o f  o u r  o r i g i n a l  w a t e r  sam ple  t o  
w i t h i n  a d e t e r m i n a t e  s t a t i s t i c a l  e r r o r .
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CONSTRUCTION DETAILS AND CONSIDERATIONS
The d e t a i l s  o f  t h e  v a r i o u s  components  c o m p r i s i n g  t h e  
s y s t e m  and t h e i r  c o n s t r u c t i o n  a r e  now c o n s i d e r e d .  In  t h i s  
r e g a r d  i t  s h o u l d  be e m p h a s iz e d  t h a t  t h e  p e r v a d i n g  g o a l  i n  
t h e  i n i t i a l  c o n s t r u c t i o n  s t a g e s  h as  been  t o  b u i l d  t h e  b e s t  
s y s t e m  p o s s i b l e  f o r  t h e  l o w e s t  o u t l a y  o f  a c t u a l  d o l l a r s .  
T h i s  does n o t  mean t h a t  t h e  c h e a p e s t  m anner  o f  d o in g  t h i n g s  
was a lways f o l l o w e d ,  b u t  r a t h e r  t h a t  m a t e r i a l s  and e q u i p ­
ment On hand  w ere  employed  w h e n ev e r  p o s s i b l e .
GAS CONVERSION SYSTEM
S in c e  t h e  gas - c o n v e r s i o n  (vacuum) s y s te m  u n d e r l i e s  
t h e  t e s t i n g  and o p e r a t i o n  o f  t h e  e n t i r e  d e t e c t i o n  s y s t e m ,  
i t  was b u i l t  f i r s t .  As d e s c r i b e d  e a r l i e r ,  and as d e p i c t e d  
i n  F i g u r e s  2 and 3 ,  i t  c o n s i s t s  b a s i c a l l y  o f  a t w o - v a l v e  
i n p u t  m a n i f o l d  c o n n e c t e d  t h r o u g h  a c o l d  t r a p  t o  a f i v e -  
v a l v e  d i s t r i b u t i o n  m a n i f o l d ,  a lo n g  w i t h  a s s o c i a t e d  v a l v e s ,  
g a u g e s ,  and o t h e r  e q u ip m e n t .  Most o f  t h e s e  com ponents  a r e  
o f  s t a i n l e s s  s t e e l  c o n s t r u c t i o n  w i t h  j o i n t s  b e tw ee n  them 
fo rm ed  by h e l i a r c  w e l d i n g .
I n p u t  M a n i f o l d  The i n p u t  m a n i f o l d  i s  a 6 1 /2  i n . -  
l o n g  p i e c e  o f  3 /8  i n .  s t a i n l e s s  s t e e l  t u b i n g  w i t h  i t s  ends  
s e a l e d  by h e l i a r c i n g  s t a i n l e s s  s t e e l  p l u g s  i n t o  them. Two 
1 /4  i n .  Robbins  A v i a t i o n  I n c .  , Model SSKA 2 5 0 - 4WT-763*, 
s t a i n l e s s  s t e e l  a i r c r a f t  v a l v e s  and a l e n g t h  o f  1 /4  i n .
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FIGURE 3
Gas C o n v e r s i o n  Mount
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' s t a i n l e s s  t u b i n g  p r o j e c t  i n  a p l a n e  from t h e  s i d e  o f  t h e  
m a n i f o l d .
From t h e  f i r s t  v a l v e ,  w h ich  i s  u s e d  f o r  a d m i t t i n g  
c o u n t i n g  gas and a rg o n  i n t o  t h e  s y s t e m ,  a l e n g t h  o f  1 /4  i n .  
s t a i n l e s s  t u b i n g  ru n s  t o  a c o p p e r  " t e e . "  From t h i s  Mt e e , ” 
two 1 /4  i n .  p l a s t i c  t u b e s  l e a d  t o  r e g u l a t o r s  on a h i g h - p r e s ­
s u r e ,  a rg o n  t a n k  and a h i g h - p r e s s u r e ,  c o u n t i n g - g a s  t a n k .
The s e c o n d  v a l v e  i s  c o n n e c t e d  v i a  a n o t h e r  s h o r t  l e n g t h  
o f  1 /4  i n .  s t a i n l e s s  t u b i n g  t o  a 1 8 /9  s t a i n l e s s  s t e e l ,  male 
b a l l  j o i n t .  T h i s  b a l l  j o i n t  i s  u s e d  t o  h e r m e t i c a l l y  a t t a c h  
t h e  c o n v e r s i o n  t u b e  t o  t h e  i n p u t  m a n i f o l d .
The l e n g t h  o f  1 /4  i n .  s t a i n l e s s  t u b i n g  w h ich  p r o j e c t s  
from t h e  m a n i f o l d  l e a d s  t o  t h e  c e n t e r  t u b e  o f  a s t a i n l e s s  
s t e e l  c o l d  t r a p .
Cold  T rap  As m e n t i o n e d  i n  t h e  i n t r o d u c t i o n ,  g a s -  
t y p e  c o u n t i n g  t u b e s  w i l l  t o l e r a t e  o n l y  v e r y  low p a r t i a l  
p r e s s u r e s  o f  w a t e r  v a p o r .  To p r e v e n t  w a t e r  v a p o r  from 
e n t e r i n g  t h e  c o u n t i n g  t u b e ,  a c o l d  t r a p  was i n s e r t e d  b e ­
tween t h e  i n p u t  m a n i f o l d  and t h e  d i s t r i b u t i o n  m a n i f o l d .
Gases f rom  t h e  i n p u t  m a n i f o l d  e n t e r  t h e  c o l d  t r a p  
t h r o u g h  a 1 /4  i n .  s t a i n l e s s  s t e e l  c e n t e r  t u b e  w h ich  p a s s e s  
t h r o u g h  t h e  s t a i n l e s s  t o p - c o v e r  o f  t h e  t r a p .  T h i s  c e n t e r  
t u b e  e x t e n d s  downward a lm o s t  t o  t h e  b o t to m  o f  a c o n c e n t r i c ,  
c y l i n d r i c a l  o u t e r  h o u s i n g  w h ich  e n c l o s e s  i t .  The o u t e r  
h o u s i n g  i s  s i m p ly  a 1 /2  i n . - 0 D  p i e c e  o f  s t a i n l e s s  t u b i n g ,
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7 1 /2  i n .  l o n g ,  w i t h  one  end c l o s e d ,  and t h e  o t h e r  end 
w e ld e d  t o  an i n t e r n a l l y - t h r e a d e d  f l a n g e .  The f l a n g e ,  t h e n ,  
s c r e w s  t i g h t l y  a g a i n s t  an O - r i n g  embedded i n  t h e  e x t e r n a l l y -  
t h r e a d e d  t o p - c o v e r .
To e x i t  f rom  t h e  t r a p ,  g a s e s  must  p a s s  upward a lo n g  
t h e  w a l l s  o f  t h e  o u t e r  h o u s i n g  t o  a s e c o n d  1 /4  i n .  s t a i n l e s s  
t u b e  w h ich  a l s o  p a s s e s  t h r o u g h  t h e  t o p - c o v e r ,  b u t  w h ich  
does  n o t  e x t e n d  down i n t o  t h e  o u t e r  h o u s i n g .  D u r in g  o p e r a ­
t i o n  o f  t h e  s y s t e m ,  t h e  o u t e r  h o u s i n g  i s  m a i n t a i n e d  a t  a low 
t e m p e r a t u r e  by k e e p i n g  i t  imm ersed  i n  a d r y  i c e - a c e t o n e
l/
b a t h .  H e n ce ,  as g a s e s  p a s s  t h r o u g h  t h e  t r a p N, w a t e r  v a p o r  
w h ich  m ig h t  be p r e s e n t  i s  c o n d e n se d  o u t  and f r o z e n  t o  t h e
i
o u t e r  h o u s i n g ,  t h u s  n o t  e n t e r i n g  t h e  c o u n t i n g  t u b e .
D i s t r i b u t i o n  M a n i f o l d  The ’’e x i t 11 t u b e  from t h e  c o l d
t r a p  e n t e r s  a s e c o n d  m a n i f o l d .  The d i s t r i b u t i o n  m a n i f o l d
i s  a l e n g t h  o f  3 /8  i n .  s t a i n l e s s  t u b i n g  w i t h  i t s  ends  s e a l e d
and i s  s i m i l a r  t o  t h e  i n p u t  m a n i f o l d .  However ,  i t  i s  14 1 /2  
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i n .  l o n g  and h a s  f i v e  l e a d s  w i t h  s h u t - o f f  v a l v e s  e m a n a t in g  
f rom i t  i n  a d d i t i o n  t o  t h e  v a l v e l e s s  t u b e  from t h e  c o l d  
t r a p .  The f i v e  v a l v e s ,  l i k e  t h e  two on t h e  i n p u t  m a n i f o l d ,  
a r e  1 /4  i n .  R obb ins  A v i a t i o n  I n c .  s t a i n l e s s  s t e e l  a i r c r a f t  
v a l v e s .  As m e n t i o n e d  i n  t h e  g e n e r a l  d e s c r i p t i o n  o f  t h e  
s y s t e m ,  t h e s e  f i v e  l e a d s  go t o :  1 . )  a D i s t i l l a t i o n  P r o d u c t s
I n d u s t r i e s , Model TG-011 ,  t h e r m o c o u p l e  gauge f o r  r e a d i n g  
p r e s s u r e s  o f  l e s s  t h a n  5 mm Hg; 2 . )  t h e  a n t i c o i n c i d e n c e
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s h i e l d ;  3 . )  t h e  sam ple  - c o u n t i n g  t u b e ;  4 . )  a W a l la c e  and 
T ie r n a m ,  Model FA 160 m e c h a n i c a l  vacuum gauge f o r  r e a d i n g  
p r e s s u r e s  g r e a t e r  t h a n  5 mm Hg; and 5 . )  a C e n c o , H y v a c - 7 ,  
vacuum pump. The l e a d s  t o  t h e  vacuum gauges  a r e  1 /4  i n .  
s t a i n l e s s  t u b i n g ,  and t o  t h e  s a m p l e - c o u n t i n g  t u b e  and a n t i -  
c o i n c i d e n c e  s h i e l d  a r e  1 /4 ,  i n . - I D ,  h eav y  w a l l  Tygon vacuum 
t u b i n g .  The l e a d  t o  t h e  vacuum pump i s  a 1 /2  i n . - I D ,  heavy  
w a l l  Tygon vacuum h o se  a t t a c h e d  t o  t h e  1 /4  i n .  s t a i n l e s s  
t u b i n g  on t h e  v a l v e  by means o f  a b r a s s  a d a p t e r .
Wooden Mount I n  o r d e r  t o  make t h e  g a s - c o n v e r s i o n  
s y s te m  more ru g g e d  and f a c i l i t a t e  i t s  u s e ,  t h e  com ponen ts  
were  a t t a c h e d  t o  a p lywood mount.  The mount c o n s i s t s  o f  
two p i e c e s  o f  3 /4  i n .  p lywood  j o i n e d  t o g e t h e r  t o  form an "L" 
and b r a c e d  so t h a t  t h e  mount i s  r i g i d .  The l a r g e r  p i e c e  
(23 3 /4  i n .  by  32 1 /4  i n . )  forms t h e  b a s e ,  w h i l e  t h e  s m a l l e r  
p i e c e  (18 1 /4  in . ,  by 23 3 /4  i n . )  i s  u s e d  t o  mount t h e  c o n ­
v e r s i o n  t u b e ,  m a n i f o l d s ,  c o l d  t r a p ,  v a l v e s ,  and g a u g e s .  In  
a d d i t i o n ,  two s m a l l  d r a w e r s  w ere  p l a c e d  i m m e d ia t e l y  u n d e r  
t h e  c o n v e r s i o n  t u b e  and c o l d  t r a p  f o r  s u p p o r t i n g  Dewars c o n ­
t a i n i n g  t h e  d r y  i c e - a c e t o n e  c o l d  b a t h s .  F i g u r e  3 shows 
t h e  p o s i t i o n s  o f  t h e  g a s - c o n v e r s i o n  components  on t h e  
p lywood m ount .
COUNTING UNIT
The c o u n t i n g  u n i t ,  i n c l u d i n g  t h e  s a m p l e - c o u n t i n g  t u b e ,
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the^ a n t i c o i n c i d e n c e  r i n g ,  and t h e  m a s s iv e  l e a d  s h i e l d ,  
m ig h t  be c a l l e d  t h e  h e a r t  o f  t h e  d e t e c t i o n  s y s te m .  The 
o t h e r  u n i t s ,  nam ely  t h e  g a s - c o n v e r s i o n  s y s te m  and t h e  e l e c ­
tron ics  u n i t ,  s e r v e  t o  i n t r o d u c e  t h e  sam ple  and c o u n t i n g  
g a s e s  i n t o  t h e  c o u n t i n g  u n i t  and t o  r e c o r d  t h e  e v e n t s  w h ich  
t a k e  p l a c e  t h e r e ,  r e s p e c t i v e l y .  M o re o v e r ,  t h e  d e s i g n  and 
c o n s t r u c t i o n  o f  t h e  c o u n t i n g  u n i t  d e t e r m i n e  t h e  b a c k g r o u n d  
c o u n t  o f  t h e  s y s t e m  and t h e  volume o f  t h e  s a m p le s  w h ich  
can be a n a l y z e d . ,
S a m p le - C o u n t in g  Tubes A l th o u g h  o n l y  one s a m p l e - 
c o u n t i n g  t u b e  i s  u s e d  a t  a g i v e n  t im e  d u r i n g  o p e r a t i o n  o f  
t h e  s y s t e m ,  e i g h t  d i f f e r e n t  G e i g e r  t u b e s  w ere  b u i l t  o r  
t e s t e d  as p o s s i b l e  sam ple  - c o u n t i n g  t u b e s .  T h ree  o f  t h e s e  
t u b e s  w ere  s m a l l  (1 i n .  d i a m e t e r  by 2 8 i n .  l e n g t h )  and were  
n o t  u s e d  b eyond  t e s t i n g .  Of t h e  r e m a i n i n g  f i v e  t u b e s ,  o n l y  
t h r e e  had  s a t i s f a c t o r y  o p e r a t i n g  c h a r a c t e r i s t i c s  and w i l l  
be c o n s i d e r e d  f u r t h e r .  Of t h e s e  t h r e e  t u b e s ,  two w ere  b u i l t  
by  t h e  a u t h o r ,  and one was a c o m m erc ia l  t u b e  w h ich  was a v a i l ­
a b l e  i n  t h e  d e p a r t m e n t .
The f i r s t  s a t i s f a c t o r y  t u b e ,  w h ic h  we w i l l  r e f e r  t o  
as MC T - 1 ,M was a 1 .5  l i t e r  t u b e  b u i l t  by  t h e  a u t h o r .  As 
can be s e e n  i n  F i g u r e  4 ,  i t  c o n s i s t s  o f  a 2 1 /4  i n . - I D  
s t a i n l e s s  s t e e l  c a t h o d e ;  two n y l o n  e n d - c a p s ;  two L a t r o b e ,
No. 95 2 0 3 0 ,  m e t a l - t o - g l a s s - t o - m e t a l  s e a l s ;  an anode o f  
s t r i p p e d ,  5 .5  m i l ,  c o p p e r  magnet  w i r e ;  and a 1 /4  i n .  s t a i n ­
l e s s  s t e e l  a i r c r a f t  v a l v e .  T hese  com ponents  were  a s se m b le d
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i n  t h e  f o l l o w i n g  m anner :
1 . )  The 2 1 /4  i n . - I D  c a t h o d e  was c u t  t o  i t s  l e n g t h  o f  
23 1 /2  i n .
2 . )  The e n d - c a p s  were  m ach ined  t o  s i z e  from a 2 1 /2
i n .  d i a m e t e r  b a r ,  and t h e  a p p r o p r i a t e  h o l e s
d r i l l e d  i n t o  them.
3 . )  The m e t a l - t o - g l a s s - t o - m e t a l  s e a l s  and 1 /4  i n .  
Robbins  A v i a t i o n  I n c .  a i r c r a f t  v a l v e  were  
epoxyed  i n t o  t h e  e n d - c a p s .
4 . )  The 5 .5  m i l  m agne t  w i r e  was s t r i p p e d  o f  i t s  i n ­
s u l a t i o n  u s i n g  S t r i p - X  i n s u l a t i o n  re m o v e r .
5 . )  The i n t e r i o r  o f  t h e  c a t h o d e ,  t h e  e n d - c a p s ,  and
t h e  anode w i r e  w ere  c l e a n e d  w i t h  e t h a n o l .
6 . )  The s t r i p p e d  m agne t  w i r e  was i n s e r t e d  t h r o u g h  t h e
e n d - c a p s  and c a t h o d e ,  and t h e  t i g h t - f i t t i n g  
e n d - c a p s  w ere  t h e n  p r e s s e d  i n t o  t h e i r  f i n a l  
p o s i t i o n s  i n  t h e  c a t h o d e .
7 . )  T e n s io n  was a p p l i e d  t o  t h e  anode w i r e  by h a n g in g  
w e i g h t s  from i t s  e n d s .
8 . )  The anode w i r e  was c e n t e r e d  i n  t h e  m e t a l - t o -  
g l a s s  - t o - m e t a l  s e a l s  and s o f t  s o l d e r e d  t o  them.
9 . )  F i n a l l y ,  t h e  e n d - c a p s  were  s e a l e d  t o  t h e  c a th o d e  
w i t h  epoxy .
The t u b e  was t h e n  r e a d y  f o r  t e s t i n g .
T e s t i n g  t h e  t u b e  was i n i t i a t e d  by c o n n e c t i n g  i t  t o  
t h e  gas c o n v e r s i o n  s y s te m  and pumping i t  t o  a f a i r l y  h a r d
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FIGURE 4
Sample C o u n t in g  T u b e - C o n s t r u c t i o n
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vacuum. The th e r m o c o u p le  gauge  was t h e n  o b s e r v e d  f o r  i n ­
c r e a s e s  i n  p r e s s u r e .  A f t e r  d e t e r m i n i n g  t h a t  t h e  t u b e  was 
a i r t i g h t ,  i t  was pumped down f o r  s e v e r a l  h o u r s  and f l u s h e d  
s e v e r a l  t im e s  by a l t e r n a t e l y  f i l l i n g  i t  w i t h  h e l i u m - i s o b u -  
t a n e  and t h e n  pumping t o  a f a i r l y  h a r d  vacuum. F i n a l l y  
t h e  t u b e  was f i l l e d  t o  600 mm Hg w i t h  t h e  h e l i u m - i s o b u t a n e  
m i x t u r e .
The p r e l i m i n a r y  c o u n t i n g  on CT-1 w i t h  t h e  com m erc ia l  
h e l i u m - i s o b u t a n e ,  (99.05% He and 0 .951  i s o b u t a n e ) '  m i x t u r e  
was c o n d u c t e d  t o  t e s t  t h e  t u b e ' s  w o r k a b i l i t y .  I t s  c h a r ­
a c t e r i s t i c s  w i t h  a c e t y l e n e - a r g o n  f i l l i n g s  w i l l  be c o n ­
s i d e r e d  i n  a l a t e r  c h a p t e r .  C T - l ' s  c h a r a c t e r i s t i c s  w i t h  
t h e  h e l i u m - i s o b u t a n e  m i x t u r e  a t  600 mm Hg i n c l u d e :  s t a r t i n g
p o t e n t i a l  o f  1300 V; a p l a t e a u  s l o p e  o f  2.9% p e r  100 v o l t s  
o v e r  200 v o l t s :  and a dead  t im e  o f  460 m ic r o s e c o n d s  as 
d e t e r m i n e d  by t h e  m ethod o f  p a i r e d  s o u r c e s .  H aving  t h e s e  
c h a r a c t e r i s t i c s ,  CT-1 was a c c e p t e d  as s u i t a b l e  f o r  u s e  i n  
t h e  s y s t e m .
The s e c o n d  s a t i s f a c t o r y  t u b e ,  w h ic h  w i l l  be r e f e r r e d  
t o  as "NCT," was a 1 .4  l i t e r  t u b e ,  a l s o  b u i l t  by  t h e  a u ­
t h o r .  NCT i s  v e r y  s i m i l a r  t o  t h e  f i r s t  t u b e ,  CT-1,  e x c e p t  
t h a t  t h e  c a t h o d e  i s  a 27 i n . - l o n g  s e c t i o n  o f  2 1 /8  i n . - O D ,  
c o p p e r  t u b i n g ;  t h e  anode i s  o f  2 .3 5  m i l  t u n g s t e n  w i r e ,  and 
t h e  1 /4  i n . ,  s t a i n l e s s  s t e e l  v a l v e  was r e p l a c e d  by a 6 i n . -  
l o n g  p i e c e  o f  1 /4  i n .  s t a i n l e s s  t u b i n g .  The a sse m b ly  p r o ­
c e d u r e  f o r  NCT was t h e  same as f o r  CT-1 ,  e x c e p t  t h a t  t h e
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i n t e r i o r  o f  NCT’s c o p p e r  c a t h o d e  was c l e a n e d  w i t h  a w a t e r -  
n i t r i c  a c i d  s o l u t i o n  and r i n s e d  w i t h  w a t e r  b e f o r e  t h e  
e t h a n o l  r i n s i n g .  A l s o ,  t h e  t u n g s t e n  w i r e  was s p o t  w e ld ed  
i n  t h e  m e t a l - t o - g l a s s - t o - m e t a l  s e a l s  r a t h e r  t h a n  b e i n g  
s o f t  s o l d e r e d .  I n i t i a l  c o u n t i n g  c h a r a c t e r i s t i c s  f o r  NCT 
w i t h  t h e  h e l i u m - i s o b u t a n e  m i x t u r e  a t  760 mm Hg p r e s s u r e  i n ­
c l u d e d  a s t a r t i n g  p o t e n t i a l  o f  1150 V and a p l a t e a u  s l o p e  o f  
1.5% p e r  100 v o l t s  o v e r  200 v o . l t s .
The t h i r d  s a t i s f a c t o r y  t u b e  u s e d  w i t h  t h e  s y s t e m  was 
a co m m erc ia l  t u b e  made by B a l l a n t i n e  L a b o r a t o r i e s  I n c . , 
B o o n to n ,  New J e r s e y .  I t s  d a t e  o f  m a n u f a c t u r e  ( p r e - 1 9 6 5 )  
i s  unknown as w e l l  as i t s  f i l l i n g  ( b e l i e v e d  t o  h ave  b een  
a r g o n - e t h a n o l )  and i t s  i n t e r n a l  c o n s t r u c t i o n .  However ,  i t  
was a v a i l a b l e  i n  t h e  d e p a r t m e n t  and a p p e a r e d  t o  be o f  t h e  
n e c e s s a r y  s i z e ,  b e i n g  29 i n .  l o n g  and 2 i n .  i n  o u t s i d e  
d i a m e t e r .  The o u t s i d e  o f  t h e  c a th o d e  and e n d - c a p s  a re  
b r a s s ,  and a m e t a l - t o - g l a s s - t o - m e t a l  s e a l  s u p p o r t s  t h e  
anode w i r e  on one end .  A 3 i n . - l o n g ,  1 /4  i n .  c o p p e r  f i l ­
l i n g  t u b e  p r o j e c t s  f rom t h e  o t h e r  end.
T h i s  t u b e  w i l l  be r e f e r r e d  t o  as "CCT." To u s e  CCT 
i n  t h i s  s y s t e m ,  t h e  f i l l i n g  t u b e  was c u t  o f f  j u s t  above 
i t s  o r i g i n a l  s e a l  u s i n g  a t u b e  c u t t e r ,  b e i n g  c a r e f u l  n o t  
t o  g e t  a s i n g l e  c o p p e r  s h a v i n g  i n t o  t h e  t u b e .  The tu b e  
was t h e n  pumped down f o r  s e v e r a l  h o u r s  and f l u s h e d  s e v e r a l  
t im e s  w i t h  a rg o n .  No c h a r a c t e r i s t i c s  wore p l o t t e d  w i t h  a 
h e l i u m - i s o b u t a n e  m i x t u r e  f o r  t h i s  t u b e .  I t s  c h a r a c t e r i s -
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t i c s  w i t h  a r g o n - a c e t y l e n e  w i l l  be g iv e n  l a t e r .
A n t i c o i n c i d e n c e  Ring The a n t i c o i n c i d e n c e  r i n g  c o n s i s t s  
o f  12 G e i g e r  t u b e s  w h ich  s u r r o u n d  t h e  s a m p l e - c o u n t i n g  t u b e .  
Each o f  t h e s e  t u b e s  was c o n s t r u c t e d  f o l l o w i n g  t h e  same c o n ­
s t r u c t i o n  and p r o c e d u r e  as g iv e n  f o r  s a m p l e - c o u n t i n g  t u b e ,  
CT-1, w i t h  t h e  f o l l o w i n g  c h a n g e s :  t h e  2 1 /4  i n . - I D  s t a i n ­
l e s s  s t e e l  c a t h o d e s  a r e  35 i n .  l o n g  r a t h e r  t h a n  23 1 /2  i n . ;
6 i n .  l e n g t h s  o f  1 /4  i n .  s t a i n l e s s  t u b i n g  r e p l a c e  t h e  1 /4  
i n .  a i r c r a f t  v a l v e s ;  and 3 /8  i n . - l o n g  r i v e t - t e r m i n a l s  s u p p o r t  
t h e  anode w i r e s  i n  p l a c e  o f  t h e  L a t r o b e ,  m e t a l - t o - g l a s s - t o -  
m e t a l  s e a l s .  A f t e r  c o m p l e t i o n ,  e a c h  a n t i c o i n c i d e n c e  t u b e  
was t e s t e d  in the manner described for CT-1. Table I l i s t s  
t h e  s t a r t i n g  p o t e n t i a l s  and c o u n t  r a t e s  a t  50 v o l t  i n t e r v a l s  
o v e r  150 v o l t s  f o r  e a c h  o f  t h e  a n t i c o i n c i d e n c e  t u b e s .
The c o u n t  r a t e s  g i v e n  w ere  t a k e n  w i t h  t h e  12 a n t i c o i n ­
c i d e n c e  t u b e s  mounted  i n  p o s i t i o n  w i t h i n  t h e  m a s s iv e  l e a d  
s h i e l d  and a r e  b a s e d  on 3 m in u te  c o u n t i n g  t i m e s .  W i th o u t  
t h e  l e a d  s h i e l d ,  c o u n t  r a t e s  on e ach  t u b e  a re  i n  t h e  n e i g h ­
b o rh o o d  o f  3000 CPM. U s in g  t h e  method o f  p a i r e d  s o u r c e s ,  
dead  timie f o r  ACT-1 was fo u n d  t o  be 400 m i c r o s e c o n d s .  Con­
s i d e r i n g  t h e  c h a r a c t e r i s t i c s  as l i s t e d  i n  T a b le  I , t h i s  
dead  t im e  was t a k e n  as r e p r e s e n t a t i v e  o f  t h a t  f o r  e ac h  o f  
t h e  12 t u b e s .
H av in g  e s t a b l i s h e d  t h e  w o r k a b i l i t y  o f  t h e  a n t i c o i n c i ­
dence  t u b e s  , an aluminum s u p p o r t  was b u i l t  t o  h o l d  them i n  
p o s i t i o n  a ro u n d  t h e  s a m p l e - c o u n t i n g  t u b e .  The p o s i t i o n i n g
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TABLE I
CHARACTERISTICS OF ANTICOINCIDENCE TUBES (ACT) 
ACT No. S t a r t i n g  CPM a t  CPM a t  CPM a t  CPM a t  J
P o t . 1250 V 1300 V 1350 V 1400 V
1 1212 V 5 9 8 .7 6 3 8 .3 6 2 6 .3 6 0 8 .0
2 1212 V 6 1 2 .0 5 94 .7 6 1 4 .3 604. 7
3 1213 V 6 0 4 .3 6 3 1 .3 6 3 5 .3 6 40 .3
4 1230 V 6 6 1 .0 599 .3 6 1 3 .3 6 3 3 .3
5 1211 V 6 2 1 .7 662. 7 6 6 6 .0 6 5 6 .7
6 1212 V 5 86 .0 640. 7 6 3 6 .3 599.  3
' 7 1212 V 5 64 .3 559. 0 620.  7 5 8 8 .7
8 1214 V 586. 7 575 .7 6 0 8 .3 590.  3
9 1211 V 6 0 2 .7 607 .0 6 0 0 .3 6 3 0 .7
*9 1211 V 6 0 7 .0 6 1 1 .0 6 2 1 .3 6 1 3 .3
11 1211 V 608.  7 6 0 3 .0 624. 7 6 1 4 .0
12 1210 V 610. 7 6 1 7 .7 632 . 3 62 5 .7
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o f  t h e  t u b e s  i n  t h e  s u p p o r t  i s  shown i n  F i g u r e  1. Because  
t h e  o u t s i d e  d i a m e t e r  o f  t h e  t u b e s  i s  2 1/2  i n .  and a l a y e r  
o f  epoxy c o v e r s  t h e  seam w here  t h e  e n d - c a p s  c o n t a c t  t h e  
c a t h o d e ,  t h e  h o l e s  i n  t h e  mount f o r  i n s e r t i n g  t h e  t u b e s  
a r e  2 3 /4  i n .  i n  d i a m e t e r .  To h o l d  t h e  t u b e s  f i r m l y  i n  
p o s i t i o n ,  t h e n ,  f u s e  c l i p - m o u n t s  were  s p r e a d  a p a r t  and 
i n s e r t e d  t o  a c t  as ’’s p r i n g - t y p e ” h o l d e r s  b e tw ee n  t h e  c a t h ­
odes  and t h e  mount.
To p r o v i d e  a means f o r  c h a n g in g  t h e  c o u n t i n g  gas i n  
t h e  a n t i c o i n c i d e n c e  t u b e s ,  a 1 3 - i n l e t  m a n i f o l d  was b u i l t .
T h is  m a n i f o l d  c o n s i s t s  o f  a l e n g t h  o f  3 /8  i n .  c o p p e r  
t u b i n g  form ed i n t o  a c i r c l e  w i t h  1 3 ,  1 /4  i n .  c o p p e r  t u b e s  
s o f t  s o l d e r e d  a ro u n d  h o l e s  d r i l l e d  i n t o  t h e  c i r c u l a r  t u b e .
The h o l e s  w ere  d r i l l e d  so t h a t  12 o f  t h e  1 /4  i n .  t u b e s  p r o ­
j e c t  f rom  one s i d e  o f  t h e  p l a n e  o f  t h e  c i r c l e  and p a r a l l e l  
to  i t s  a x i s .  M o re o v e r ,  e a c h  o f  t h e s e  t u b e s  a l i g n s  w i t h  one 
o f  t h e  1 /4  i n .  s t a i n l e s s  s t e e l  t u b e s  e x t e n d i n g  from t h e  end -  
caps  o f  t h e  a n t i c o i n c i d e n c e  t u b e s  as p o s i t i o n e d  i n  t h e  mount.  
The p a i r s  o f  a b u t t i n g  t u b e s  a r e  c o n n e c t e d  t o g e t h e r  by l e n g t h s  
o f  t h i c k - w a l l  Tygon t u b i n g .  The t h i r t e e n t h  tu b e  p r o j e c t s  
f rom  t h e  o p p o s i t e  s i d e  o f  t h e  p l a n e  o f  t h e  c i r c u l a r  m a n i f o l d ,  
l i k e w i s e  p a r a l l e l  t o  t h e  a x i s  o f  t h e  c i r c l e .  T h is  t h i r ­
t e e n t h ,  1 /4  i n .  c o p p e r  t u b e  i s  c o n n e c t e d  t o  t h e  c o n v e r ­
s i o n  s y s te m  v i a  a 30 i n .  l e n g t h  o f  t h i c k - w a l l  Tygon t u b i n g ,  
a 1 /4  i n ,  a ir c r a f t  v a l v e ,  and another length  o f  vacuum hose,  
H en ce ,  t h e  a n t i c o i n c i d e n c e  t u b e s  can be e v a c u a t e d  and r e -
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f i l l e d  as a g roup  from t h e  gas - c o n v e r s i o n  s y s te m .
M ass iv e  S h i e l d i n g  A m a s s iv e  l e a d  s h i e l d  i s  employed 
t o  r e d u c e  t h e  b a c k g r o u n d  c o u n t  r a t e  o f  b o t h  t h e  s a m p le -  
c o u n t i n g  t u b e  and t h e  a n t i c o i n c i d e n c e  r i n g .  I n  o r d e r  t o  
e f f e c t i v e l y  r e d u c e  t h e  b a c k g r o u n d  c o u n t  r a t e s ,  t h e  s h i e l d  
m ust  c o m p l e t e l y  e n c l o s e  t h e  s a m p l e - c o u n t i n g  and a n t i c o i n c i ­
dence  t u b e s .  Hence i t  i s  q u i t e  l a r g e ,  h a v i n g  i n s i d e  d i ­
m en s io n s  o f  12 i n .  x 12 i n .  x 48 i n .
The s h i e l d  s i t s  upon a 3 /4  i n .  x 36 i n .  x 60 i n .  
aluminum p l a t e  and c o n s i s t s  m o s t l y  o f  2 i n .  x 4 i n .  x 8 i n .  
l e a d  b r i c k s .  A s m a l l  number  o f  2 i n .  x 4 i n .  x 12 i n .  l e a d  
b r i c k s  a r e  u s e d  t o  c o v e r  t h e  v e r t i c a l  c r a c k s  b e tw e e n  t h e  
rows o f  b r i c k s  c o m p r i s i n g  t h e  w a l l s  and ends  o f  t h e  s h i e l d ,  
and a 3 /8  i n .  x 20 i n .  x 52 i n .  aluminum p l a t e  s u p p o r t s  t h e  
b r i c k s  fo rm in g  t h e  t o p  o f  t h e  s h i e l d .
A p p r o x i m a t e l y  two t o n s  o f  l e a d  and t h e  two aluminum 
p l a t e s  p r o v i d e  t h e  f o l l o w i n g  amounts o f  s h i e l d i n g :  B o t to m — 
2 i n .  o f  l e a d  and 3 /4  i n .  o f  aluminum; S i d e s  and e n d s — 2 i n .  
o f  l e a d  w i t h  t h e  v e r t i c a l  c r a c k s  c o v e r e d  by  a n o t h e r  2 i n .  
o f  l e a d ;  Top — 7 1 /2  i n .  o f  l e a d  and 3 / 8  i n .  o f  aluminum.
T h is  s h i e l d i n g  r e d u c e s  t h e  b a c k g r o u n d  c o u n t  r a t e  o f  t h e  
sam ple  - c o u n t i n g  tu b e  from a p p r o x i m a t e l y  2000 CPM u n s h i e l d e d  
t o  l e s s  t h a n  400 CPM s h i e l d e d  and from a p p r o x i m a t e l y  3000 
CPM u n s h i e l d e d  t o  l e s s  t h a n  700 CPM f o r  e a c h  o f  t h e  a n t i -  
c o i n c i d e n c e  t u b e s .
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ELECTRONICS
As m e n t io n e d  i n  t h e  g e n e r a l  d e s c r i p t i o n  o f  t h e  s y s t e m ,  
t h e  e l e c t r o n i c s  f o r  t h e  s y s te m  i n c l u d e  two r e g u l a t e d  h i g h -  
v o l t a g e  s u p p l i e s ,  a t i m e r ,  t h r e e  d e ca d e  s c a l e r s ,  an a n t i -  
c o i n c i d e n c e  c i r c u i t ,  a 12 v o l t  r e g u l a t e d  power s u p p l y ,  and 
a ± 6 v o l t  r e g u l a t e d  power  s u p p l y .  These  c o m p o n e n ts ,  w i t h  
t h e  e x c e p t i o n  o f  t h e  a n t i c o i n c i d e n c e  c i r c u i t ,  a r e  com m erc ia l  
d e v i c e s  w h ich  were  a v a i l a b l e  i n  t h e  d e p a r t m e n t .  The a n t i -  
c o i n c i d e n c e  c i r c u i t  was d e s i g n e d  and b u i l t  s p e c i f i c a l l y  f o r  
t h i s  sy s te m .
H i g h - V o l t a g e  Power S u p p l i e s  The n e c e s s a r y  h i g h  v o l t a g e  
f o r  t h e  G e ig e r  o p e r a t i o n  o f  t h e  s a m p l e - c o u n t i n g  t u b e  i s  p r o ­
v i d e d  by a B a i r d - A t o m i c ,  Model 319,  r e g u l a t e d  h i g h - v o l t a g e  
s u p p l y .  The power  s u p p l y  i s  c o n n e c t e d  t o  t h e  s a m p l e - c o u n t i n g  
tu b e  t h r o u g h  a one megohm r e s i s t o r  v i a  s h i e l d e d  c a b l e s .
The t w e lv e  a n t i c o i n c i d e n c e  t u b e s ,  h a v i n g  s i m i l a r  o p e r a ­
t i n g  c h a r a c t e r i s t i c s  ( s e e  T a b le  I ) , a r e  c o n n e c t e d  t o g e t h e r  
i n  p a r a l l e l .  High vo ltage  for  t h e ir  operation i s  then s u p ­
p l i e d  by a s i n g l e  N o r t h e a s t  S c i e n t i f i c  C o . , Model RE-1603 M, 
h i g h - v o l t a g e  s u p p l y ,  a l s o  t h r o u g h  a one megohm r e s i s t o r .
T im er  and S c a l e r s  A RIDL, Model 5 7 - 7 ,  e l e c t r o n i c  t i m e r  
i s  u s e d  i n  c o n j u n c t i o n  w i t h  two RIDL Model 4 9 -4 6 -0 0 1  and one 
Model 49-2 8 d ecade  s c a l e r s  t o  r e c o r d  t h e  i o n i z i n g  e v e n t s  
w h ich  t a k e  p l a c e  w i t h i n  t h e  G e i g e r  t u b e s  f o r  g i v e n  i n t e r v a l s
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o f  t i m e .  The t h r e e  s c a l e r s  r e c o r d  t h e  g r o s s  number  o f  i o n ­
i z i n g  e v e n t s  i n  t h e  sam ple  - c o u n t i n g  t u b e ,  th e  number o f
i o n i z i n g  e v e n t s  i n  t h e  a n t i c o i n c i d e n c e  r i n g ,  and t h e  n e t
/
number o f  c o u n t s  i n  t h e  s a m p l e - c o u n t i n g  tu b e  a f t e r  s u b ­
t r a c t i o n  o f  t h e  c o i n c i d e n c e s  b e tw een  e v e n t s  i n  t h e  s a m p l e - 
c o u n t i n g  tu b e  and t h e  a n t i c o i n c i d e n c e  r i n g .  The t h r e e  
s c a l e r s  d e t e c t  t h e i r  r e s p e c t i v e  p u l s e s  t h r o u g h  s h i e l d e d  
c a b l e s  from t h e  o u t p u t s  o f  t h e  a n t i c o i n c i d e n c e  c i r c u i t .
(See F i g u r e  5)
A n t i c o i n c i d e n c e  C i r c u i t  As p e r  F i g u r e  5 ,  t h e  a n t i -  
c o i n c i d e n c e  c i r c u i t  a c t u a l l y  c o n s i s t s  o f  two a lm o s t  i d e n t i ­
c a l  s u b - c i r c u i t s  whose o u t p u t s  a r e  c o n n e c te d  t h r o u g h  
s w i t c h e s  t o  t h e  i n p u t s  o f  a NAND l o g i c  g a t e .  By f e e d i n g  
t h e  a p p r o p r i a t e  p u l s e s  i n t o  t h e  NAND g a t e ,  c o i n c i d e n c e s  
b e tw ee n  p u l s e s  from t h e  c o u n t  c i r c u i t  and g u a rd  c i r c u i t  
a re  s u b t r a c t e d  from t h e  g r o s s  c o u n t - c i r c u i t  o u t p u t .  S in c e  
t h e  o p e r a t i o n  o f  b o t h  t h e  c o u n t  and g u a rd  c i r c u i t s . i s  
e s s e n t i a l l y  t h e  sam e,  o n ly  th e  o p e r a t i o n  o f  t h e  c o u n t  
c i r c u i t  w i l l  be  c o n s i d e r e d  and t h e  d i f f e r e n c e s  be tw ee n  
t h e  c i r c u i t s  w i l l  be n o t e d  where  t h e y  o c c u r .
Whenever an i o n i z i n g  e v e n t  t a k e s  p l a c e  w i t h i n  t h e  
s a m p l e - c o u n t i n g  t u b e ,  a n e g a t i v e - g o i n g  p u l s e  i s  s u p e r ­
im posed  upon t h e  h i g h  v o l t a g e  a c r o s s  t h e  t u b e .  The DC 
high vo ltage  i s  e l im inated  from the pulses  by the three  
180 pF c o u p l i n g  c a p a c i t o r s  i n  s e r i e s ,  and t h e  p u l s e s  a r e
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FIGURE 5














f e d  i n t o  an SN 72711 ,  d i f f e r e n t i a l  v o l t a g e  c o m p a r a t o r .  
P u l s e s  g r e a t e r  t h a n  o .4  V ( s e n s i t i v i t y  may be v a r i e d  v i a  
t h e  25 K p o t )  t r i g g e r  t h e  v o l t a g e  c o m p a r a t o r  i n t o  p r o ­
d u c in g  n e g a t i v e - g o i n g ,  5 V l o g i c  p u l s e s  a t  i t s .  o u t p u t  
t e r m i n a l .
T h ese  p u l s e s  t h e n  e n t e r  an SN 74121,  m o n o s t a b l e  m u l t i  
v i b r a t o r ,  o r  " o n e - s h o t , M w h ich  t r i g g e r s  on t h e  n e g a t i v e -  
g o i n g ,  l e a d i n g  e d g es  o f  t h e  p u l s e s .  Each t im e  t h e  one -  
s h o t  i s  t r i g g e r e d ,  b o t h  p o s i t i v e - g o i n g  and n e g a t i v e - g o i n g  
l o g i c  p u l s e s  a p p e a r  a t  i t s  Q and Q o u t p u t  t e r m i n a l s ,  r e ­
s p e c t i v e l y .  The d u r a t i o n  o f  t h e s e  p u l s e s  depends  upon
t h e  amount o f  c a p a c i t a n c e  w h ic h  i s  p l a c e d  b e tw e e n  p i n s  10
\
and 11 o f  t h e  i n t e g r a t e d  c i r c u i t  p a ck a g e  and on t h e  r e s i s ­
t a n c e  p l a c e d  be tw ee n  p i n  9 and t h e  + 5 V pow er  s u p p l y .
As may be s e e n  i n  F i g u r e  5 ,  t h e  c o u n t  c i r c u i t  employs 
two o n e - s h o t s  w h e re a s  t h e  g u a rd  c i r c u i t  h a s  o n l y  one .
The f i r s t  o f  t h e  two o n e - s h o t s  i n  t h e  c o u n t  c i r c u i t  p r o ­
v i d e s  a means f o r  d e l a y i n g  t h e  c o u n t  p u l s e s .  T h is  d e l a y  
i s  accomplished by feeding the p o s i t iv e - g o in g  pu lses  from 
t h e  Q o u t p u t  o f  t h e  f i r s t  o n e - s h o t  i n t o  t h e  n e g a t i v e -  
t r i g g e r i n g  i n p u t  o f  t h e  s e c o n d  o n e - s h o t .  S in c e  t h e  n e g a ­
t i v e - g o i n g  edge o f  a p o s i t i v e - g o in g  p u l s e  i s  t h e  t r a i l i n g  
edge  o f  t h e  p u l s e ,  t h e  t r i g g e r i n g  o f  t h e  s e c o n d  o n e - s h o t  i  
d e l a y e d  by  t h e  d u r a t i o n  o f  t h e  p u l s e  from t h e  f i r s t  one-  
s h o t .  By v a r y i n g  t h e  r e s i s t a n c e  i n  t h e  25 K p o t e n t i o m e t e r  
t h i s  d e l a y  can be v a r i e d  from 5 t o  30 m ic r o s e c o n d s  as
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l i m i t e d  by th e  910 pF c a p a c i t a n c e  b e tw een  p i n s  10 and 11 
as shown i n  F i g u r e  5.
The s e c o n d  o n e - s h o t  i n  t h e  c o u n t  c i r c u i t ,  when t r i g g e r e d ,  
p r o d u c e s  10 m ic r o s e c o n d  p u l s e s  a t  i t s  Q and Q" o u t p u t s .  The 
l e n g t h  o f  t h e s e  o u t p u t  p u l s e s  i s  d e t e r m i n e d  by t h e  0 .0 0 5  
mfd c a p a c i t o r  b e tw ee n  p i n s  10 and 11 o f  t h e  s e c o n d  one-  
s h o t .  These  10 m ic r o s e c o n d  p u l s e s  from th e  Q and Q o u t ­
p u t s  a r e  f e d  i n t o  a two-way s w i t c h  from w h ich  e i t h e r  t h e  
r e s p e c t i v e  p o s i t i v e - g o i n g  o r  n e g a t i v e - g o i n g  p u l s e s  may be 
f e d  i n t o  t h e  NAND g a t e .
The o n e - s h o t  i n  t h e  g u a r d  c i r c u i t  h a s  a 0 .0 5 6  mfd t im im g 
c a p a c i t o r  b e tw ee n  i t s  p i n s  10 and 11. T h i s  c a u s e s  62 m i c r o -
v
s e c o n d  p u l s e s  t o  a p p e a r  a t  i t s  Q and Q o u t p u t  t e r m i n a l s  
when t h e  g u a r d  c i r c u i t  i s  t r i g g e r e d  by an a n t i c o i n c i d e n c e  
p u l s e .  As i n  t h e  c o u n t  c i r c u i t ,  t h e s e  Q and Q o u t p u t  
g u a r d  p u l s e s  a r e  f e d  i n t o  a two-way s e l e c t o r  s w i t c h  from 
w h ich  t h e  a p p r o p r i a t e  Q o r  Q p u l s e s  a r e  i n p u t e d  i n t o  t h e  
NAND g a t e .
The l o g i c  o f  t h e  NAND g a t e  i s  such  t h a t  a l o g i c a l  1 
i n p u t  v o l t a g e  i s  r e q u i r e d  a t  b o t h  i n p u t  t e r m i n a l s  t o  i n ­
s u r e  a l o g i c a l  0 l e v e l  a t  t h e  o u t p u t  t e r m i n a l ,  and a l o g i ­
c a l  0 i n p u t  v o l t a g e  a t  e i t h e r  i n p u t  t e r m i n a l  i n s u r e s  a 
l o g i c a l  1 l e v e l  a t  t h e  o u t p u t  t e r m i n a l .  By f e e d i n g  t h e  
n e g a t i v e - g o i n g  O' o u t p u t  from t h e  g u a rd  c i r c u i t  and t h e  
p o s i t i v e - g o i n g  Q o u t p u t  f rom  t h e  c o u n t  c i r c u i t  i n t o  t h e  
NAND g a t e ,  we a r e  i n  t h e  a n t i c o i n c i d e n c e  mode. When t h e r e
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a re  no p u l s e s  e n t e r i n g  t h e  NAND g a t e  from e i t h e r  c i r c u i t ,  
t h e x Q o u t p u t  f rom  t h e  g u a rd  c i r c u i t  i s  a t  l o g i c a l  1 ,  and 
t h e  Q o u t p u t  f rom t h e  c o u n t  c i r c u i t  i s  a t  l o g i c a l  0 ,  c a u s i n g  
t h e  o u t p u t  from t h e  NAND g a t e  t o  be l o g i c a l  1.
Now, i f  a p u l s e  t r i g g e r s  t h e  c o u n t  c i r c u i t ,  b u t  no 
p u l s e  e n t e r s  t h e  g u a rd  c i r c u i t ,  t h e  Q o u t p u t  o f  t h e  c o u n t  
c i r c u i t  c h an g es  t o  l o g i c a l  1 ,  w h i l e  t h e  Q o u t p u t  f rom t h e  
g u a rd  c i r c u i t  r e m a in s  a t  l o g i c a l  1. With  t h e  l o g i c a l  1 i n ­
p u t  t o  b o t h  i n p u t s  o f  t h e  NAND g a t e ,  t h e  o u t p u t  o f  t h e  NAND 
g a t e  chang es  t o  l o g i c a l  0. When t h e  p u l s e  on t h e  c o u n t  c i r ­
c u i t  e n d s ,  t h e  c o u n t  i n p u t  t o  t h e  NAND g a t e  r e t u r n s  t o  l o g i ­
c a l  0 ,  c a u s i n g  t h e  o u t p u t  o f  t h e  NAND g a t e  t o  r e t u r n  t o  l o g i -  f 
c a l  1. Hence a p u l s e  on t h e  c o u n t  c i r c u i t  w i t h  no p u l s e  on 
t h e  g u a rd  c i r c u i t  c a u s e s  a n e g a t i v e - g o i n g  p u l s e  on t h e  o u t ­
p u t  a f  t h e  NAND g a t e .
I f  a p u l s e  t r i g g e r s  t h e  g u a rd  c i r c u i t  b u t  none  t r i g g e r s
x
t h e  c o u n t  c i r c u i t ,  t h e  Q o u t p u t  f rom t h e  g u a rd  c i r c u i t  c h ang es  
from l o g i c a l  1 t o  l o g i c a l  0. S in c e  t h e  Q o u t p u t  t o  t h e  NAND 
g a t e  f rom t h e  c o u n t  c i r c u i t  rem a in s  a t  l o g i c a l  0 ,  t h e  o u t p u t  
from t h e  NAND g a t e  r e m a in s  a t  l o g i c a l  1 ,  i . e . ,  no  p u l s e  o c ­
c u r s  a t  t h e  o u t p u t  o f  t h e  NAND g a t e .
M o re o v e r ,  i f  p u l s e s  t r i g g e r  b o t h  c i r c u i t s  s i m u l t a n e o u s l y ,  
t h e  Q o u t p u t  f rom t h e  c o u n t  c i r c u i t  chang es  t o  l o g i c a l  1 
due t o  i t s  p u l s e , ,  w h i l e  t h e  Q o u t p u t  from t h e  g u a rd  c i r c u i t  
c han g es  t o  l o g i c a l  0 due t o  t h e  a n t i c o i n c i d e n c e  p u l s e .
H en ce ,  as l o n g  as t h e  c o u n t  p u l s e  f a l l s  w i t h i n  t h e  g u a rd
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p u l s e ,  t h e  o u t p u t  o f  t h e  NAND g a t e  r em a in s  a t  l o g i c a l  1 ,  
and no  p u l s e  i s  s e e n  a t  t h e  o u t p u t  o f  t h e  NAND g a t e .  To 
i n s u r e  t h a t  t h e  c o u n t  p u l s e  f a l l s  w i t h i n  t h e  g u a rd  p u l s e  
when a c o i n c i d e n c e  o c c u r s , t h e  g u a rd  p u l s e  was made t o  be 
62 m ic r o s e c o n d s  i n  d u r a t i o n ,  w h e re a s  t h e  c o u n t  p u l s e  i s  
o n l y  10 m i c r o s e c o n d s .  By d e l a y i n g  t h e  p u l s e s  i n  t h e  c o u n t  
c i r c u i t  15 m ic r o s e c o n d s  w i t h  t h e  two o n e - s h o t s  i n  t h e  c o u n t  
c i r c u i t ,  c o u n t  p u l s e s  a r e  f u r t h e r  i n s u r e d  t o  f a l l  w i t h i n  
c o i n c i d e n t  g u a r d . p u l s e s .
In  c o n c l u s i o n ,  i t  m ig h t  be m e n t io n e d  t h a t  t h e  two-way 
s w i t c h e s  b e tw ee n  t h e  o n e - s h o t s  and t h e  NAND g a t e  a r e  n o t  
a b s o l u t e l y  n e c e s s a r y .  How ever ,  by t h e i r  i n c l u s i o n  t h e  
c i r c u i t  can be u s e d  n o t  o n ly  i n  t h e  a n t i c o i n c i d e n c e  mode,  
b u t  a l s o  t o  c o u n t  c o i n c i d e n c e s  b e tw ee n  p u l s e s  t r i g g e r i n g  
t h e  c o u n t  and g u a rd  c i r c u i t s .  T h i s  may be done by  m e r e ly  
c h a n g in g  t h e  p o s i t i o n  o f  t h e  two-way s w i t c h  i n  t h e  g u a rd  
c i r c u i t  and f e e d i n g  t h e  p o s i t i v e - g o i n g  Q o u t p u t  p u l s e s  from 
b o t h  t h e  g u a rd  c i r c u i t  and c o u n t  c i r c u i t  i n t o  t h e  NAND g a t e .  
C o i n c i d e n c e s  b e tw ee n  p u l s e s  i n  t h e  g u a rd  and c o u n t  c i r c u i t s  
w i l l  then be seen as n eg a t iv e -g o in g  output pu lses  from the 
NAND g a t e .
T -15 85 32
COUNTING AND PROBLEMS
A f t e r  c o m p l e t i n g  t h e  i n i t i a l  c o n s t r u c t i o n  o f  t h e  s y s ­
tem ,  many a t t e m p t s  a t  a n t i c o i n c i d e n c e  c o u n t i n g  were  made 
u s i n g  t h e  com m erc ia l  h e l i u m - i s o b u t a n e  m i x t u r e  as t h e  c o u n t ­
i n g  gas i n  CT-1,  b u t  w i t h  i n a d e q u a t e  m a s s iv e  s h i e l d i n g .
These  a t t e m p t s  a t  c o u n t i n g  i n v a r i a b l y  had  h i g h  n e t  s a m p l e - 
c o u n t i n g  tu b e  c o u n t  r a t e s .  (Net  CT=200-250 CPM from Gross  
CT=700-750 CPM) B e l i e v i n g  t h a t  t h e  a n t i c o i n c i d e n c e  c i r c u i t  
s h o u l d  h av e  b e e n  more e f f i c i e n t ,  a l a r g e  amount o f  t im e  and 
e f f o r t  were  s p e n t  t e s t i n g  and m o d i f y i n g  i t .  F i n a l l y ,  t h e  
m a s s iv e  s h i e l d  d e s c r i b e d  p r e v i o u s l y  was e r r e c t e d  a ro u n d  t h e  
s a m p l e - c o u n t i n g  tu b e  and a n t i c o i n c i d e n c e  r i n g ,  arid t h e  n e t  
c o u n t i n g  r a t e  d ro p p e d  t o  a r a t e  a t  w h ich  m o d e ra te  c o n c e n t r a ­
t i o n s  o f  t h e  b e t a - e m i t t i n g  i s o t o p e s  would  be d e t e c t a b l e .  A 
t y p i c a l  10 min.  c o u n t  a f t e r  t h e  m a s s iv e  s h i e l d  was e r r e c t e d  
gave a n e t ,  sam ple  - c o u n t i n g  t u b e  (Net CT) c o u n t  r a t e  o f  3 7 .0  
CPM from a g r o s s ,  s a m p l e - c o u n t i n g  t u b e  (G ross  CT) c o u n t  r a t e  
o f  3 5 9 .7  CPM.
An i n t e r e s t i n g  p o i n t  f rom t h e  above e x p e r i e n c e  i s  t h e  
i n c r e a s e d  e f f i c i e n c y  o f  t h e  a n t i c o i n c i d e n c e  c i r c u i t  a f t e r  
im p r o v in g  t h e  m a s s iv e  s h i e l d i n g .  W hile  t h e  g r o s s  c o u n t  r a t e  
was c u t  i n  h a l f ,  t h e  a n t i c o i n c i d e n c e  e f f i c i e n c y  i n c r e a s e d  
from a p p r o x i m a t e l y  661 t o  a b o u t  90%. A p o s s i b l e  e x p l a n a t i o n  
i s  t h a t  t h e  d ead  t im e s  o f  t h e  s y s t e m  a r e  more p r e v a l e n t  i n  
a n t i c o i n c i d e n c e  c o u n t i n g ( 9 ) . P e r h a p s  f u r t h e r  im provem en ts
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i n  t h e  m a s s iv e  s h i e l d  w o u ld  f u r t h e r  i n c r e a s e  t h e  e f f i c i e n c y  
o f  t h e  a n t i c o i n c i d e n c e  c i r c u i t .
COUNTING WITH CT-1
At any r a t e ,  i t  was d e c i d e d  t o  b e g i n  c o u n t i n g  w i t h  
a c e t y l e n e - a r g o n  m i x t u r e s ,  and t h e  f i r s t  w a t e r - c a l c i u m  
c a r b i d e  r e a c t i o n  was p e r f o r m e d  t o  f a m i l i a r i z e  t h e  a u t h o r  
w i t h  t h e  p r o c e d u r e .  (See G e n e r a l  D e s c r i p t i o n  o f  t h e  System) 
In  t h e  s e c o n d  c o n v e r s i o n  0 .2 0 0  ml (200 X) o f  d i s t i l l e d  w a t e r  
was r e a c t e d  w i t h  c a l c i u m  c a r b i d e  w h ich  p r o d u c e d  a c e t y l e n e  
t o  g i v e  a p r e s s u r e  o f  44 mm Hg i n  t h e  s y s t e m ,  i n c l u d i n g  CT-1. 
P r e p u r i f i e d  a rg o n  was t h e n  added  t o  b r i n g  t h e  t o t a l  p r e s s u r e  
t o  600 mm Hg. A p p ly in g  h i g h  v o l t a g e  t o  CT-1, a s t a r t i n g  
p o t e n t i a l  was o b s e r v e d  a t  2000 V. However ,  i n c r e a s i n g  th e  
h i g h  v o l t a g e  by  50 V i n t e r v a l s  f a i l e d  t o  p r o d u c e  a p l a t e a u  
as was e x p e c t e d ( l O ) .
T h e r e a f t e r ,  a s e r i e s  o f  d i f f e r e n t  s i z e d  c o n v e r s i o n s  was 
ru n  t o  d e t e r m i n e  a s u i t a b l e  a c e t y l e n e  - a rg o n  m i x t u r e .  T a b le  
I I  g i v e s  t h e  r e s u l t s  o f  t h e s e  c o n v e r s i o n s .
As shown i n  T a b le  I I ,  c o n v e r s i o n  n o .  8 w i t h  i t s  f i l l i n g  
o f  32 mm Hg o f  a c e t y l e n e  and t o t a l  C2 H2 ~Ar p r e s s u r e  o f  600 
mm Hg gave a 300 V p l a t e a u .  At an o p e r a t i n g  v o l t a g e  o f  
1900 V t h i s  m i x t u r e  gave a n e t  b a c k g r o u n d  o f  4 0 .4  ± 0 .8  CPM 
f o r  a 1 h o u r  c o u n t .  C o n v e r s i o n  n o .  10 was a r e p e a t  o f  c o n ­
v e r s i o n  n o .  8 ,  a l s o  b e i n g  a 12 5 X c o n v e r s i o n  w i t h  600 mm Hg
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t o t a l  C^H^-Ar p r e s s u r e .  A 1 h r  c o u n t  on c o n v e r s i o n  n o .  10 
gave a n e t  b a c k g r o u n d  c o u n t  r a t e  o f  4 0 .8  ± 0 .8  CPM. A 12 h r  
c o u n t  on . c o n v e r s i o n  n o .  10 p u t  t h e  n e t  b a c k g r o u n d  a t  4 0 .5  3 
± 0 .2 4  CPM.
To f u r t h e r  im prove  t h e  b a c k g r o u n d  s t a t i s t i c s ,  a t h i r d  
12 5 X c o n v e r s i o n ,  c o n v e r s i o n  n o .  1 1 ,  was p e r f o r m e d .  A 1 h r  
c o u n t  gave t h e  n e t  b a c k g r o u n d  as 4 0 .1  ± 0 .8  CPM. However,  
a 12 h r  c o u n t  y i e l d e d  4 4 .1 5  ± 0 .2 5  CPM. C o n v e r s io n s  n o .  12 
and no .  13 gave b a c k g r o u n d s  o f  49 CPM and 6 3 .7  CPM r e s p e c t i v e ­
l y .  S om e th in g  was o b v i o u s l y  wrong.  The e l e c t r o n i c s  were  
c h e c k e d  t o  no a v a i l .  CT-1 was f i l l e d  w i t h  t h e  h e l i u m - i s o b u ­
t a n e  m i x t u r e ;  r e s u l t s :  a 300 V p l a t e a u  and a c o u n t  r a t e  o f
3 7 .0  CPM f o r  10 min.  C o n v e r s io n s  n o .  14 and n o .  15 were  
a t t e m p t e d .  C o n v e r s io n  n o .  14 c o u n te d  5 1 .3  CPM f o r  10 m in ;  
c o n v e r s i o n  n o .  15 had  no p l a t e a u .
P e r h a p s  t h e  a c e t y l e n e  - a rg o n  m i x t u r e  n e e d e d  t o  be 
c h an g e d .  To e l i m i n a t e  t h e  t im e  n e c e s s a r y  t o  do c o n v e r s i o n s ,  
welding acety lene  was used to  t e s t  severa l  d i f f e r e n t  C2 H2 “Ar 
m i x t u r e s .  Counts  w i t h  t h e s e  m i x t u r e s  e i t h e r  had  h i g h  c o u n t  
r a t e s  o r  no p l a t e a u s .  Yet when t h e  h e l i u m - i s o b u t a n e  m ix ­
t u r e  was u s e d  as t h e  c o u n t i n g  g a s ,  t h e  c o u n t i n g  tu b e  
seemed s a t i s f a c t o r y .  F i n a l l y ,  a f t e r  two f i n a l  75 X c o n ­
v e r s i o n s  were  made,  even  t h e  h e l i u m - i s o b u t a n e  c o u n t i n g  
gas  f a i l e d  t o  work .
Now CT-1 was r i n s e d  o u t  w i t h  e t h a n o l  and pumped down
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TABLE I I  
CONYERSIONS-CT-1
C o n v e r s io n  Type Amount mm Hg mm Hg T o t a l  R e s u l t  
Number ^2^2 P r e s s u r e
2 h 2 o 200 X 44 600 No p l a t e a u
3 h 2 o 400 X 91 600 No p l a t e a u
4 h2 o 300 X 68 600 No p l a t e a u
5 h 2 o . 250 X 60 600 No p l a t e a u
6 h 2 o 200 X 49 600 No p l a t e a u
7 h2 o 1 7 5 X 43 600 <100 V p l a t e a u
8 h2 o 125 X 32 600 300 V p l a t e a u
9 h2 o 15 0 X 38 600 <300 V p l a t e a u
10 h 2 0 125 X 32 600 4 0 .5 3  CPM f o r  
12 h r s .
11 h 2 0 125 X 33 600 4 4 .1 5  CPM f o r  
12 h r s .
12 H2° 12 5 X 33 600 4 9 .0  CPM f o r  1 min.
13 H2° 12 5 X 33 600 6 3 .6  CPM f o r  10 min.
14 H2° 12 5 X 33 600 5 1 .3  CPM f o r  10 min.
15 H2° 12 5 X 33 600 High c o un t  r a t e s
16 h2 o 7 5. X 21 760 4 1 .1  and 3 8 .6  
CPM f o r  10 min 
c o u n t s
17 h2 o 400 X 80 mm 
end)
( a t  760 Uns a t i s  f a c t o r y  
a t  d i f f e r e n t  
p r e s s u r e s
18 h 2 o 7 5 X 22 760 High c o u n t  
r a t e
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f o r  s e v e r a l  h o u r s .  T h is  r i n s e  p r o d u c e d  no improvem ent  i n  
c o u n t i n g  c h a r a c t e r i s t i c s  w i t h  e i t h e r  a r g o n - a c e t y l e n e  o r  
h e l i u m - i s o b u t a n e  c o u n t i n g  g a s e s .  The tu b e  was t h e n  t h o r ­
o u g h ly  washed  o u t  w i t h  e t h a n o l ;  a g a i n  no im provem ent  i n  
c h a r a c t e r i s t i c s .  N e x t ,  i t  was washed  o u t  w i t h  a s o l u t i o n  
o f  w a t e r  and n i t r i c  a c i d ,  t h e n  r i n s e d  w i t h  w a t e r ,  and f i ­
n a l l y  r i n s e d  w i t h  e t h a n o l .  T h i s  a t t e m p t  a t  r e j u v i n a t i o n  
gave an improvem ent  i n  t h e  h e l i u m - i s o b u t a n e  c h a r a c t e r i s t i c s ,  
b u t  no improvem ent  f o r  t h e  a r g o n - a c e t y l e n e  m i x t u r e .  F i ­
n a l l y ,  CT-1 was w ashed  o u t  w i t h  a n i t r i c - h y d r o c h l o r i c  a c i d -  
w a t e r  s o l u t i o n ,  f o l l o w e d  by  a w a t e r  r i n s e ,  and t h e n  e t h a n o l .  
No im provem ent  was n o t e d .
COUNTING WITH NCT
At t h i s  p o i n t  t h e  s e c o n d  sam ple  - c o u n t i n g  t u b e ,  NCT, 
was i n t r o d u c e d  i n t o  t h e  s y s t e m .  T h ree  t e n - m i n u t e  c o u n t s  
u s i n g  t h e  h e l i u m - i s o b u t a n e  c o u n t i n g  gas a t  760 mm Hg p r e s ­
s u r e  gave an a v e r a g e  3 2 .5  CPM. N e x t ,  an a c e t y l e n e - a r g o n  
m i x t u r e  o f  70 mm Hg p a r t i a l - p r e s s u r e  o f  a c e t y l e n e  and t o t a l  
p r e s s u r e  o f  760 mm Hg gave no  p l a t e a u .  T h is  m i x t u r e  was 
t h e n  pumped down t o  660 mm Hg and Argon added t o  b r i n g  t h e  
t o t a l  p r e s s u r e  b a ck  t o  760 mm Hg. Again  no p l a t e a u  c o u ld  
be o b s e r v e d .  The p r o c e d u r e  (pump t o  660 mm Hg, add Ar t o  
760 mm H g , and check  c o u n t i n g  c h a r a c t e r i s t i c s )  was r e p e a t e d  
13 t im e s  b e f o r e  an a c c e p t a b l e  p l a t e a u  was o b s e r v e d .
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Having e s t a b l i s h e d  t h a t  a low p a r t i a l  p r e s s u r e  o f
a c e t y l e n e  was n e c e s s a r y  t o  o b t a i n  s u i t a b l e  c o u n t i n g  c h a r ­
a c t e r i s t i c s ,  100 X and 75 X c o n v e r s i o n s  were  done .  These  
c o n v e r s i o n s ,  num bered  19 and 20 i n  T a b le  I I I ,  gave  a c e t y l e n e  
p a r t i a l  p r e s s u r e s  o f  28 and 23 mm Hg, r e s p e c t i v e l y .  At
t o t a l  C2 H2 ~Ar p r e s s u r e s  o f  760 mm Hg, b o t h  m i x t u r e s  had
p l a t e a u s  o f  a p p r o x i m a t e l y  200 V. Hence t h e  l a r g e r  100 X 
c o n v e r s i o n  was u s e d  f o r  s u b s e q u e n t  c o u n t i n g .
A 100 min c p u n t  on d i s t i l l e d  w a t e r ,  c o n v e r s i o n  no .  21 ,  
gave a n e t  b a c k g r o u n d  o f  3 7 .2  ± 0 .6  CPM. S i m i l a r l y ,  c o n ­
v e r s i o n  n o .  22 showed a n e t  b a c k g r o u n d  o f  37 .52  ± .40 CPM 
o v e r  240 min.  C o n v e r s io n  n o .  23 a l s o  a 100 X, d i s t i l l e d -  
w a t e r  c o n v e r s i o n ,  gave 4 0 .2  7 ± .41 CPM o v e r  i t s  240 min 
c o u n t i n g  i n t e r v a l ,  w h i l e  c o n v e r s i o n  n o .  24 showed 39 .02  ±
.28  CPM o v e r  8 h r s .  A l th o u g h  t h e s e  c o u n t s  gave b a c k g r o u n d  
r a t e s  which  w ere  n o t  as c o n s i s t a n t  as had  b e en  e x p e c t e d ,  i t  
was now d e c i d e d  t o  c o u n t  t r i t i a t e d - w a t e r  s a m p le s .
To t h i s  e n d ,  t h r e e  sa m p le s  w i t h  d i f f e r e n t  t r i t i u m  c o n ­
c e n t r a t i o n s  were  p r e p a r e d  from a 3 ml t r i t i u m - i n - w a t e r
s t a n d a r d  w h ich  c o n t a i n e d  6 9 .2 3  yC i /m l  i n  J u l y ,  1965.
- 0 .6 9 3  t / t ^
C o r r e c t i n g  f o r  d e ca y  (A=Ac e , t h e  3 ml s t a n d a r d
c o n t a i n e d  1 3 3 .6 6  yCi as o f  May, 1973. The f i r s t  s a m p le ,  
w h ich  w i l l  be r e f e r r e d  t o  as S - 3 ,  was m e r e l y  t h e  3 ml 
s t a n d a r d  d i l u t e d  w i t h  d i s t i l l e d  w a t e r  t o  1000 ml i n  a 
v o l u m e t r i c  f l a s k ,  g i v i n g  S -3  a t r i t i u m  c o n c e n t r a t i o n  o f  134 
yC i /1 0 00  ml o r  0 .1 3 4  y C i /m l .  The s e c o n d  s a m p le ,  S - 4 ,  was
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TABLE I I I
CONYERSIONS-NCT
C o n v e r s i o n  Type 
Number
Amount mm Hg 
C2H2
mm Hg T o t a l  
P r e s s u r e
19 h 2 0 100 X 2 8 760
20 h 2 ° 75 X 23 760
21 h2 ° 100 X 28 760
22
V  ■
100 X 28 760
23 H2 ° 100 X 2 8 760
24 h2 0 100 X 27 760
2 5 0 .1 3 4
y C i /1
100 X 28 760
26 1. 34 
y C i /1
100 X 28 760
27 h2o 100 X 28 760
28 h2 o 100 X 28 760
29 h2 o 100 X 28 760
47 h2 o 200 X 53 106 , 
200
1 50 ,
4 8 h2 o 100 X 29 76 0




50 h2 o 400 X 99 9 9 ,  
200 , 
400
150 ,  
250 ,






Approx.  2 00 V 
p l a t e a u  
Approx.  2 00 V 
p l a t e a u  
37 .16  CPM f o r  
100 min.
37 .52  CPM f o r  
2 40 m i n •
4 0 .2  7 CPM f o r  
240 min
39 .02  CPM f o r  
4 80 min
3 9 .8  CPM f o r  
30 min
1 3 2 .8 8  CPM o v e r  
160 min
5 5 .9  CPM o v e r  
100 min
<100 V p l a t e a u
<150 V p l a t e a u
No p l a t e a u s
200 V p l a t e a u  
w i t h  h i g h  c o u n t  
r a t e s
No p l a t e a u s  
No p l a t e a u s
No p l a t e a u s
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p r e p a r e d  by d i l u t i n g  0 .5  ml o f  sam ple  S -3  t o  5 00 ml w i t h
3
d i s t i l l e d  w a t e r ,  g i v i n g  S-4 an H c o n c e n t r a t i o n  o f  0 .134  
y C i /1 0 0 0  ml o r  134 p C i / m l .  F i n a l l y ,  t h e  t h i r d  s a m p le ,
S - 5 ,  was 1 .0  ml o f  sam ple  S -3  d i l u t e d  t o  100 ml w i t h  
d i s t i l l e d  w a t e r ,  g i v i n g  i t  a c o n c e n t r a t i o n  o f  0 .134  y C i /1 0 0  
ml o r  1 .3 4  x 10"^  y C i /m l .
The f i r s t  t r i t i a t e d - w a t e r  sam ple  t o  be r a n  was S - 4 ,  o f  
w hich  c o n v e r s i o n  n o .  2 5 was a 100 X s a m p le .  T h ree  10 min 
c o u n t s  on t h i s  c o n v e r s i o n  gave an a v e r a g e  s a m p l e - p l u s - b a c k ­
g ro u n d  c o u n t  r a t e  o f  3 9 .8  CPM. Comparing t h i s  c o u n t  r a t e  
w i t h  t h e  b a c k g r o u n d  c o u n t  r a t e s  o f  c o n v e r s i o n s  n o .  21 ,  2 2 ,
2 3 ,  and 2 4 ,  i t  was d e c i d e d  t o  d i s r e g a r d  t h i s  c o n v e r s i o n  and 
t o  do a c o n v e r s i o n  on a sam ple  w i t h  a g r e a t e r  t r i t i u m  c o n ­
c e n t r a t i o n .
C o n v e r s io n  n o .  26 was t h e n  p e r f o r m e d  on 100 X o f  
sam ple  S -5 .  S e v e r a l  c o u n t s  t o t a l i n g  190 min w ere  made on 
t h i s  c o n v e r s i o n  g i v i n g  an a v e r a g e  s a m p l e - p l u s - b a c k g r o u n d  
c o u n t  r a t e  o f  1 3 0 .1  CPM. One c o u ld  now sa y  t h a t  t r i t i u m  
h a d  b een  d e t e c t e d  by  t h e  s y s te m .
B e f o re  c a l i b r a t i o n  o f  t h e  s y s te m  c o u ld  be  s e r i o u s l y  
u n d e r t a k e n ,  t h e  b a c k g r o u n d  c o u n t  r a t e  n e e d e d  t o  be more 
a c c u r a t e l y  e s t a b l i s h e d .  Hence c o n v e r s i o n  n o .  2 7 was p e r ­
fo rm ed  on 100 X o f  d i s t i l l e d  w a t e r .  A p l a t e a u  o f  250 V was 
o b s e r v e d ,  and two i n i t i a l  10 min c o u n t s  gave an a v e r a g e  c o u n t  
r a t e  o f  3 6 .4  CPM f o r  t h e  n e t  b a c k g r o u n d .  Then a 100 min 
c o u n t  was c o n d u c t e d .  T h i s  c o u n t  showed t h e  n e t  b a c k g ro u n d
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t o  be 5 5 .9  CPM.’ A s u b s e q u e n t  10 min c o u n t  gave 104 .4  CPM.
In  a d d i t i o n ,  a r a p i d  check  showed t h e r e  was no l o n g e r  a 
p i  a t e  au.
NCT was now pumped down and f l u s h e d  w i t h  a rgon  s i x  t im e s  
and c o n v e r s i o n  no .  2 8 was p e r f o r m e d  on a n o t h e r  100 X d i s -  
t i l l e d - w a t e r  s a m p le .  C o u n t in g  i n d i c a t e d  a s h o r t  p l a t e a u  o f  
o n l y  100 V. Again  NCT was f l u s h e d  w i t h  a rg o n  s e v e r a l  t i m e s ,  
and t h e n  was pumped upon f o r  a p p r o x i m a t e l y  63 h r s .  At t h e  
end o f  t h i s  t i m e , c o n v e r s i o n  n o .  29 was done on s t i l l  a n o t h e r  
100 X d i s t i l l e d - w a t e r  s a m p le .  S t i l l  o n ly  a s h o r t  p l a t e a u  
was o b s e r v e d .
At t h i s  t im e  NCT was pumped down, f l u s h e d ,  r e f i l l e d  t o  
a t m o s p h e r i c  p r e s s u r e  w i t h  a r g o n ,  and t h e n  removed from t h e  
s y s t e m  so t h a t  c o u n t i n g  c o u l d  be c o n d u c te d  w i t h  t h e  t h i r d  
c o u n t i n g  t u b e ,  CCT. A f t e r  s t a n d i n g  f o r  two weeks , NCT was 
r e i n s t a l l e d  i n t o  t h e  s y s t e m  and s e v e r a l  f u r t h e r  a t t e m p t s  were  
made t o  c o u n t  w i t h  i t .
The f i r s t  o f  t h e s e  a t t e m p t s ,  c o n v e r s i o n  n o .  4 7 ,  was a 
200 x ,  d i s t i l l e d - w a t e r  c o n v e r s i o n .  P e r h a p s  NCT w ould  c o u n t  
a c e t y l e n e - a r g o n  m i x t u r e s  w i t h  h i g h e r  a c e t y l e n e  c o n c e n t r a t i o n s  
b u t  a t  l o w e r  t o t a l  p r e s s u r e s .  The 200 X w a t e r  sam ple  gave a 
p a r t i a l  p r e s s u r e  o f  53 mm Hg o f  a c e t y l e n e  i n  t h e  s y s t e m .  
However ,  no  p l a t e a u s  were  o b s e r v a b l e  a t  a c e t y l e n e - a r g o n  t o t a l  
p r e s s u r e s  o f  1 0 6 ,  1 5 0 ,  o r  200 mm Hg.
Now an a t t e m p t  was made t o  r e j u v i n a t e  NCT. To t h i s  end 
t h e  c a t h o d e  was w ra p p ed  w i t h  a h e a t  t a p e ,  and t h e  t e m p e r a t u r e
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o f  t h e  t u b e  b r o u g h t  t o  2 50 F where  i t  was h e l d  f o r  1 .5  h r .  
N e x t ,  w i t h  t h e  vacuum pump s t i l l  pumping on t h e  t u b e ,  a 
Lambda DC power  s u p p l y  was u s e d  t o  glow t h e  anode w i r e  f o r  
1 min.  The tu b e  was t h e n  f l u s h e d  w i t h  a rg o n  and a g a in  
pumped down.
Now c o n v e r s i o n  n o .  48 was p e r f o r m e d  on a 100 X w a t e r  
s a m p le .  C o u n t in g  a t  one a tm o s p h e r e  t o t a l  p r e s s u r e  gave a
p l a t e a u  o f  20 0 V, b u t  w i t h  a h i g h  n e t  c o u n t  r a t e .  NCT was
t h e n  pumped down and r e f i l l e d  t o  one a tm o sp h e re  w i t h  t h e  
h e l i u m - i s o b u t a n e  m i x t u r e .  T h i s  m i x t u r e  showed a p l a t e a u  o f  
a t  l e a s t  300 V and gave a n e t  b a c k g r o u n d  o f  3 5 .5  CPM o v e r  
t h r e e  10 min c o u n t s .
P e r h a p s  t h e  c o r r e c t  a c e t y l e n e - a r g o n  m i x t u r e  s t i l l  had  
n o t  b e e n  fo u n d .  As s e e n  i n  T a b le  I I I ,  c o n v e r s i o n s  n o .  49 ,  
5 0 ,  and 51 w ere  a t t e m p t s  t o  f i n d  a s u i t a b l e  a r g o n - a c e t y l e n e  
m i x t u r e  and p r e s s u r e .  None o f  t h e s e  l a r g e r  c o n v e r s i o n s  
even  p r o d u c e d  a p l a t e a u .  A ga in  a c o u n t  w i t h  t h e  h e l i u m -  
i s o b u t a n e  m i x t u r e  p r o d u c e d  a s a t i s f a c t o r y  p l a t e a u  and gave a
n e t  b a c k g r o u n d  o f  3 5 .1  CPM f o r  10 min.
F i n a l l y ,  a c o u n t i n g  gas  m i x t u r e  o f  2 5 mm Hg e t h a n o l  i n  
a t o t a l  e t h a n o l - a rg o n  p r e s s u r e  o f  760 mm Hg was t r i e d .  T h i s  
m i x t u r e  gave a 250 V p l a t e a u ,  b u t  i t ' s  c h a r a c t e r i s t i c s  were  
n o t  f u r t h e r  p e r s u e d .
COUNTING WITH CCT
The i n i t i a l  a c e t y l e n e - a r g o n  c o u n t  w i t h  CCT was made on
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a m i x t u r e  o f  28 mm Hg p a r t i a l  p r e s s u r e  o f  w e l d i n g  a c e t y l e n e  
i n  a t o t a l  a c e t y l e n e - a r g o n  p r e s s u r e  o f  one a tm o s p h e r e .  T h is  
m i x t u r e  gave a 2 50 V p l a t e a u  and a n e t  b a c k g ro u n d  o f  3 7 .0  
CPM as an a v e r a g e  o v e r  two 10 min c o u n t s .
C o n v e r s io n  n o .  3 1 ,  as may be s e e n  i n  T a b le  IV ,  was 
p e r f o r m e d  on a 100 A d i s t i l l e d - w a t e r  sam ple  g i v i n g  an a c e t y l e n e  
p a r t i a l  p r e s s u r e  o f  29 mm Hg. A f t e r  a d d in g  a rgon  t o  make t h e  
t o t a l  p r e s s u r e  one a t m o s p h e r e ,  a p l a t e a u  o f  250 V was o b s e r v e d .  
A 100 min c o u n t  s e t  t h e  n e t  b a c k g r o u n d  a t  3 5 .8  ± 0 .6  CPM. 
S u b s e q u e n t l y ,  c o n v e r s i o n s  n o .  33, 35 ,  and 37 gave  n e t  b a c k ­
g ro u n d  c o u n t s  o f  3 6 . 0 8 ,  3 7 . 2 9 ,  and 3 6 .7 7  CPM, r e s p e c t i v e l y ,  
f o r  100 min c o u n t s .  A v e r a g in g  th e  f o u r  b a c k g r o u n d  c o u n t s  p u t s  
t h e  n e t  b a c k g r o u n d  c o u n t  r a t e  a t  36 .4  8 CPM w i t h  a mean s q u a r e  
d e v i a t i o n  o f  0 .3 5  CPM.
The f i r s t  c o n v e r s i o n  on a t r i t i u m  s t a n d a r d  w i t h  CCT was 
p e r f o r m e d  on a 100 A sam ple  o f  S - 5 ,  w i t h  i t s  t r i t i u m  a c t i v i t y  
o f  1 .3 4  y C i / l i t e r .  A 100 min c o u n t  on t h i s  sam ple  gave a 
s a m p l e - p l u s - b a c k g r o u n d  c o u n t  r a t e  o f  9 9 .1 7  ± 1 .0 0  CPM. S u b ­
t r a c t i n g  o f f  t h e  b a c k g r o u n d  c o u n t  r a t e ,  one o b t a i n s  a n e t  
sam ple  c o u n t  r a t e  o f  6 2 .6 9  ± 1 .06  CPM f o r  t h e  1 .3 4  y C i / l i t e r  
s a m p l e .
C o n v e r s io n s  n o .  3 4 ,  3 6 ,  and 38 were  p e r f o r m e d  on 100 x 
sam p les ,  o f  S - 4 ,  t h e  t r i t i a t e d - w a t e r  s t a n d a r d  w i t h  0 .1 34  y C i /  
l i t e r  t r i t i u m  a c t i v i t y .  T h re e  100 min c o u n t s  on t h e s e  sam p le s  
gave c o u n t  r a t e s  o f  4 2 . 1 7 ,  4 5 . 1 6 ,  and 4 2 .9 4  CPM, r e s p e c t i v e l y ,  
f o r  an a v e r a g e  o f  4 3 .4 2  ± 0 .8 9  CPM. Again  s u b t r a c t i n g  o f f
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TABLE IV 
CONVERSIONS-CCT 
C o n v e r s io n  Type Amount mm Hg mm Hg T o t a l  R e s u l t
Number C2H2 P r e s s u r e
31 h2 o 100 X 29 760 35 .7 8  CPM f o r  
100 min
32 1. 34 
y C i /1
100 X 30 760 9 9 .1 7  CPM f o r  
100 min
33 H2 0 100 X 29 76 0 3 6 .0  8 CPM f o r  
100 min
34 0 .1 3 4
y C i /1
100 X 29 760 4 2 .1 7  CPM f o r  
100 min
35 h2 0 100 X 29 760 37 .2 9  CPM f o r  
100 min
36 0 .  1 3 4  
y C i / 1
100 X 29 760 4 5 .1 6  CPM f o r  
100 min
37 h2 0 100 X 29 760 36 .77  CPM f o r  
100 min
38 0 .1 3 4
y C i / 1
100 X 29 760 4 2 .9 4  CPM f o r  
100 min
39 h2 o 100 X 29 760 Ten min c o u n t s : 
4 4 . 1 ,  4 2 . 8 ,  
3 8 . 4 ,  4 2 .1  CPM
40 h2 o 100 X 29 760 No p l a t e a u
41 h2 o 100 X 29 760 <100 V p l a t e a u
42 h2 o 100 X 29 760 <100 V p l a t e a u
43 h2 o 100 X 29 760 S h o r t  p l a t e a u ,  
h i g h  c o u n t  
r a t e s
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t h e  b a c k g r o u n d ,  one o b t a i n s  an a v e r a g e  n e t  sam ple  c o u n t  r a t e
o f  6 .9 4  ± 0 .9 5  CPM f o r  t h e  0 .1 3 4  yiCi/1 s a m p le s .
C o n v e r s io n  n o .  39 was i n t e n d e d  t o  be a n o t h e r  b a c k g ro u n d
sa m p le .  However,  c o u n t i n g  on i t  gave c o u n t  r a t e s  which  were
c o n s i d e r a b l y  h i g h e r  t h a n  t h e  p r e v i o u s  b a c k g ro u n d  c o u n t s .
F our  10 min c o u n t s  gave 4 4 . 1 ,  4 2 . 8 ,  3 8 . 4 ,  and 4 2 .1  CPM. P e r ­
h ap s  t h e  c o n v e r s i o n  had  b e en  done on 100 X o f  s t a n d a r d  sample  
S -4  i n s t e a d  o f  on d i s t i l l e d  w a t e r .  Hence c o n v e r s i o n  n o .  40 
was done on a 100 X sam ple  o f  d i s t i l l e d  w a t e r .  A t t e m p t i n g  t o  
c o u n t  on t h i s  sam ple  f a i l e d  t o  p r o d u c e  a p l a t e a u .  A p p a r e n t l y  
CCT h a d  c e a s e d  f u n c t i o n i n g  p r o p e r l y  on a c e t y l e n e - a r g o n  m ix ­
t u r e s  as had  CT-1 and NCT.
In  an a t t e m p t  t o  r e j u v i n a t e  CCT, t h e  t u b e  was pumped 
down and a h e a t  t a p e  w ra p p ed  a ro u n d  i t s  c a t h o d e .  T h e r e a f t e r ,  
t h e  t u b e  was h e a t e d  t o  300°F and t h i s  t e m p e r a t u r e  m a i n t a i n e d  
f o r  one h o u r  d u r i n g  w h ich  t h e  t u b e  was c o n t i n u o u s l y  pumped 
upon .  A f t e r  a l l o w i n g  t h e  t u b e  t o  c o o l ,  c o n v e r s i o n  n o .  41 was 
p e r f o r m e d  on 100 X o f  d i s t i l l e d  w a t e r .  Again  no p l a t e a u  
c o u l d  be o b s e r v e d .
Now CCT was pumped upon f o r  two h o u r s  and c o n v e r s i o n  no .  
42 p e r f o r m e d .  S t i l l  no  p l a t e a u  was o b s e r v a b l e .  The t u b e  was 
pumped upon a g a i n ,  t h i s  t im e  f o r  12 h r s .  Two a t t e m p t s  t o  o b ­
t a i n  p l a t e a u s  u s i n g  w e l d i n g  a c e t y l e n e  - a rgon  m i x t u r e s  a g a i n  
f a i l e d  t o  p r o d u c e  a p l a t e a u .
In  a f i n a l  a t t e m p t  t o  r e j u v i n a t e  CCT, i t  was h e a t e d  f o r  
6 h r s  a t  300°F v i a  t h e  h e a t  t a p e .  T h e r e a f t e r ,  c o n v e r s i o n  no .
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43 was done on 100 X o f  d i s t i l l e d  w a t e r .  T h is  sam ple  a l s o  
f a i l e d  t o  p r o d u c e  a p l a t e a u ,  whereupon  CCT was removed from 
t h e  s y s t e m .
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RESULTS
F i r s t  and f o r e m o s t  i s  t h e  r e s u l t  t h a t  t h e  s y s te m  d e ­
t e c t e d  t r i t i u m  b e t a s  and h e n ce  s h o u l d  be c a p a b l e  o f  d e t e c t ­
i n g  o t h e r  l o w - e n e r g y  b e t a s  w h ich  m igh t  be i n t r o d u c e d  i n t o  t h e  
s y s t e m  i n  a s u i t a b l e  m an ne r .  The d e t e c t i o n  o f  t h e  t r i t i u m  
b e t a s  i s  e v i d e n c e d  by t h e  i n c r e a s e d  c o u n t i n g  r a t e s  o b s e r v e d  
when t h e  s t a n d a r d  t r i t i a t e d - w a t e r  sam p le s  were  c o u n te d  w i t h  
NCT and CCT.
In  p a r t i c u l a r ,  ^s s t a t e d  e a r l i e r ,  100 A sa m p le s  o f  
t r i t i a t e d  w a t e r  w i t h  a c t i v i t i e s  o f  0 .1 34  y C i / l i t e r  gave 
an a v e r a g e  n e t  sam ple  c o u n t  r a t e  o f  6 .9 4  ± 0 .95  CPM when 
c o u n te d  i n  CCT. A 100 A sam ple  w i t h  t h i s  a c t i v i t y  c o n t a i n s  
1 3 .4  p i c o c u r i e s  o f  t r i t i u m  w h ich  c o r r e s p o n d s  t o  a d e c a y  r a t e  
o f  2 9 .7 6  dpm. Comparing t h i s  t o  t h e  6 .9 4  CPM a c t u a l l y  d e ­
t e c t e d  r o u g h l y  p l a c e s  t h e  a b s o l u t e  e f f i c i e n c y  o f  t h e  s y s t e m  
a t  23 p e r c e n t .  C o n s i d e r i n g  t h e  r e a c t i o n  p e r f o r m e d  f o r  t h e  
gas c o n v e r s i o n ,
2HTO + CaC2 + C2HT + C a (0 2H T ) , 
w h ich  i s  a t  m os t  o n l y  50 p e r c e n t  e f f i c i e n t  f o r  t h e  t r i t i u m ,  
a n ~ a b s o l u t e  e f f i c i e n c y  o f  23% f o r  t h e  s y s t e m  seems r e a s o n a b l e .
Now, i f  one c o n s i d e r s  o n l y  t h e  c o u n t i n g  e r r o r  o f  ± 0 .95  
CPM and assumes no e r r o r  i n  t h e  sam ple  a c t i v i t y  and i t s  
m e a s u r e m e n t ,  t h e  a b s o l u t e  e f f i c i e n c y  o f  t h e  s y s te m  may be 
w r i t t e n  as 23 ± 3%. The i m p o r t a n c e  o f  t h i s  e r r o r  i s  t h a t  i f  
one c a l c u l a t e s  t h e  s y s t e m ’ s e f f i c i e n c y  as d e t e r m i n e d  from 
c o n v e r s i o n  n o .  32 ,  t h e  100 A sam ple  o f  1 .3 4  y C i /1  t r i t i a t e d
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w a t e r ,  one o b t a i n s  an a b s o l u t e  sy s te m  e f f i c i e n c y  o f  21%.
Hence t h e  s y s te m  e f f i c i e n c y  as d e t e r m i n e d  from t h e  two d i f ­
f e r e n t  s t a n d a r d  sam p les  a g r e e  t o  w i t h i n  c o u n t i n g  s t a t i s t i c s .
By c o n t i n u i n g  t o  c o u n t  b a c k g r o u n d  and s t a n d a r d  sam p les  
o f  known a c t i v i t y ,  t h e  s y s te m  c o u l d  be c a l i b r a t e d  t o  w i t h ­
i n  i t s  s t a t i s t i c a l  l i m i t s .  However ,  i t  was found  t h a t  t h e  
c o u n t i n g  c h a r a c t e r i s t i c s  o f  t h e  c o u n t i n g  t u b e s  changed  a f t e r  
a p p r o x i m a t e l y  a dozen  sa m p le s  had  b een  c o u n te d  i n  them ,  and 
t h a t  when t h e s e  chan g e s  o c c u r r e d ,  t h e  t u b e s  became i n o p e r ­
a b le  w i t h  a c e t y l e n e - a r g o n  m i x t u r e s .  Two p o s s i b l e  e x p l a n a t i o n s  
o f  t h i s  phenomenon i n c l u d e  p o l y m e r i z a t i o n  and i m p u r i t i e s  i n  
t h e  c a l c i u m  c a r b i d e  u s e d  i n  t h e  c o n v e r s i o n  p r o c e s s .
The p r o c e s s  o f  p o l y m e r i z a t i o n  i n  a G e i g e r  t u b e  i s  t h e  
b u i l d u p  o f  l a r g e r  h y d r o c a r b o n  m o le c u l e s  from s m a l l e r  ones  
d u r i n g  t h e  G e i g e r  d i s c h a r g e s .  K o r f f ,  who c o n s i d e r s  t h e  
p o l y m e r i z a t i o n  o f  m ethane  - a rg on  m i x t u r e s ,  s a y s ,
The e f f e c t  o f  p o l y m e r i z a t i o n  i s  p a r t i c u l a r l y  u n ­
d e s i r a b l e .  As soon as t h e  compound a c q u i r e s  more t h a n  
f i v e  o r  s i x  c a r b o n  a to m s ,  i t  becomes a l i q u i d  o r  s o l i d  
a t  room t e m p e r a t u r e  and d e p o s i t s  o u t  on t h e  w a l l s  and 
c e n t r a l  w i r e .  I t  r e q u i r e s  o n l y  a s m a l l  amount o f  ma­
t e r i a l  on t h e  e l e c t r o d e s  t o  r e n d e r  t h e  c o u n t e r  a lm o s t  
u s e l e s s  .
K o r f f  goes on t o  p r e d i c t  t h e  l i f e  o f  a m ethane  c o u n t e r  t o
ft 9be i n  t h e  n e ig h b o r h o o d  o f  10° t o  10 c o u n t s .  Assuming t h i s  
v a l u e  t o  a l s o  be a good a p p r o x i m a t i o n  f o r  t h e  a c e t y l e n e - 
a rg on  m i x t u r e  u s e d ,  t h e  p o l y m e r i z a t i o n  e x p l a n a t i o n  i s  n o t  
s u f f i c i e n t .  B e in g  e x t r e m e l y  l e n i e n t  w i t h  c o u n t i n g  numbers  
(12 s a m p le s  c o u n te d  f o r  2 00 min e a c h  a t  400 CPM g r o s s  c o u n t
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r a t e ) , one can o n ly  a c c o u n t  f o r  a p p r o x i m a t e l y  10^ c o u n t s  on 
t h e  c o u n t i n g  t u b e s  b e f o r e  t h e y  became i n o p e r a b l e .  M o re o v e r ,  
nowhere  c o u ld  s p e c i f i c  r e f e r e n c e  t o  t h i s  p ro b le m  w i t h  
a c e t y l e n e - a r g o n  m i x t u r e s  be fo u n d  i n  t h e  l i t e r a t u r e ,  e x c e p t  
t h a t  i t  e x i s t s .
The q u e s t i o n  o f  i m p u r i t i e s  i n  t h e  c a l c i u m  c a r b i d e  i s  
s p e c u l a t i v e  s i n c e  no im m e d ia te  means was a v a i l a b l e  t o  t e s t  
e i t h e r  t h e  p u r i t y  o f  t h e  c a l c i u m  c a r b i d e  o r  t h e  a c e t y l e n e  
p r o d u c e d  by i t s  r e a c t i o n  w i t h  w a t e r .  S in c e  t h e  c a l c i u m  
c a r b i d e  u s e d  was o n l y  l a m p - g r a d e  c a r b i d e ,  t h e  p r e s e n c e  o f  
i m p u r i t i e s  i s  v e r y  l i k e l y .  One g ro u p  o f  w o r k e r s  (W h i t e ,  
C a m p b e l l ,  and P a y n e ) ,  i n  <an a t t e m p t  t o  c o u n t  t r i t i u m  i n  
m ethane  w h ich  was p r e p a r e d  by r e a c t i n g  w a t e r  w i t h  aluminum 
c a r b i d e ,  were  u n a b le  t o  o b t a i n  G e i g e r  r e g i o n s  and a t t r i b u t e d  
t h i s  i n a b i l i t y  t o  i m p u r i t i e s ,  i n c l u d i n g  h y d r o g e n ,  o x y g e n ,  
ammonia,  h y d ro g e n  s u l p h i d e ,  and u n s a t u r a t e d  h y d ro c a rb o n sC 1 2 )  
I t  i s  q u i t e  p o s s i b l e  t h a t  t h e  s h o r t  l i f e  o f  t h e  c o u n t i n g  
t u b e s  o f  o u r  s y s t e m  i s  a t t r i b u t a b l e  t o  a p o l y m e r i z a t i o n - 
t y p e  e f f e c t  on i m p u r i t i e s  from t h e  c a l c i u m  c a r b i d e  u s e d ,  as 
w e l l  as p o l y m e r i z a t i o n  o f  t h e  a c e t y l e n e  i t s e l f .
The p r e l i m i n a r y  t e s t i n g  o f  t h e  s y s t e m  u s i n g  t h e  w a t e r -  
c a l c i u m  c a r b i d e  r e a c t i o n  t o  p r o d u c e  a c e t y l e n e  showed n o t  
o n l y  t h e  w o r k a b i l i t y  o f  t h e  s y s t e m ,  b u t  a l s o  t h e  n e e d  f o r  
c e r t a i n  im p ro vem en ts  i n  i t .  P e r h a p s  f o r e m o s t  among t h e  
n e e d e d  im p ro vem en ts  i s  t h e  c o n v e r s i o n  i t s e l f ,  s i n c e  t h e  
s y s t e m  can  be o f  l i t t l e  u se  i f  i t s  o p e r a t i o n  i s  n o t  r e -
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l i a b l e  o v e r  e x t e n d e d  p e r i o d s  o f  t im e .  S e c o n d l y ,  im provem ents  
in  t h e  m a s s iv e  s h i e l d  a r e  n e e d e d ,  o r  t h e  c o u n t i n g  u n i t  m igh t  
be r e b u i l t  as a s m a l l e r  o r  d i f f e r e n t  t y p e  u n i t  t o  more f u l l y  
u t i l i z e  t h e  s h i e l d i n g  a v a i l a b l e .  M o re o v e r ,  lo w -b a c k g ro u n d  
m a t e r i a l s  n e e d  t o  be u s e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  c o u n t i n g  
u n i t  and s h i e l d .
Im provement  i n  t h e  c o n v e r s i o n  does  n o t  n e c e s s a r i l y  im p ly  
a change  t o  a d i f f e r e n t  t y p e  c o n v e r s i o n  f o r  t h e  d e t e c t i o n  o f  
t r i t i u m .  A change  t o  a d i f f e r e n t  b r a n d  name o f  c a r b i d e  o r  
t o  a more c h e m i c a l l y  p u r e  g r a d e  m ig h t  p r o l o n g  t h e  l i f e  o f  
t h e  c o u n t i n g  tu b e  and make t h e  w a t e r - c a l c i u m  c a r b i d e  r e a c t i o n  
more f e a s i b l e  f o r  e x t e n d e d  u s e .  On t h e  o t h e r  h a n d ,  s e v e r a l  
o t h e r  c o n v e r s i o n s  a r e  d e s c r i b e d  by GlascockC^^)  and Cameron (14) f
i n c l u d i n g  h y d r o g e n ,  e t h a n e ,  m e th a n e ,  p r o p a n e ,  and b u t a n e  c o n ­
v e r s i o n s .  As m e n t io n e d  e a r l i e r ,  t h e  b a l l - j o i n t  a t t a c h m e n t  
f o r  t h e  c o n v e r s i o n  t u b e  w o u ld  p e r m i t  t h e  a p p a r a t u s  f o r  
t h e s e  c o n v e r s i o n s  t o  be r e a d i l y  c o n n e c t e d  t o  t h e  e x i s t i n g  
s y s te m .
S in c e  t h e  b a c k g r o u n d  c o u n t  r a t e  o f  t h e  sy s te m  d e t e r m i n e s  
t h e  c o n c e n t r a t i o n s  o f  t h e  r a d i o a c t i v e  i s o t o p e s  w h ich  can be 
d e t e c t e d ,  any im p ro v em en ts  w h ich  r e d u c e  t h e  b a c k g r o u n d  c o u n t  
r a t e  c o u ld  make t h e  s y s t e m  more u s e f u l .  Toward t h i s  e n d ,  
more l e a d  s h i e l d i n g  m ig h t  be o b t a i n e d  t o  i n c r e a s e  t h e  s h i e l d  
t h i c k n e s s  t o  a minimum o f  4 i n .  o f  l e a d  on a l l  s i d e s  o f  t h e  
s h i e l d .  An a l t e r n a t i v e  t o  t h i s  a p p ro a c h  would  be t o  c o n s t r u c t  
new c o u n t i n g  and a n t i c o i n c i d e n c e  t u b e s  w i t h  s m a l l e r  d im e n s io n s
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so t h a t  t h e  e x i s t i n g  s h i e l d i n g  m igh t  be more a d e q u a t e l y
u t i l i z e d .  P e r h a p s  t h e  p r e s e n t  t u b e s  c o u ld  be r e p l a c e d  by
q u a r t z - t u b e  c o u n t e r s  o r  an O e sc h g e r  c o u n t e r  as d e s c r i b e d  
r 15)
by Geyh^ . With t h e s e  im provem en ts  t h e  s y s te m  c o u ld  
become even  a more u s e f u l  t o o l  f o r  t h e  d e t e c t i o n  o f  low- 
e n e r g y ,  b e t a - e m i t t i n g  i s o t o p e s .
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